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The effects of resistance training on non-specific chronic low back pain – a systematic review

Abstract
Objectives: Evaluate the existing evidence on the effectiveness of resistance training in managing NSCLBP.

Method: A systematic review was completed using the electronic databases EBSCOhost, University database (University of Wales Trinity Saint David library database) and ProQuest (February 2022 to March 2022).

Results: Database searching identified 347 records. After full text and peer reviewed articles were included, 50 records were found. 25 records were screened; however, eight full-text articles were assessed, and they all met the eligibility criteria. The 8 remaining articles were included in the analysis.

Conclusion: A MDR approach appears to be the favourable method for the treatment of NSCLBP. Resistance training does have a positive effect, however when compared to other modes of training, the effect is not significant.

Introduction
What is non-specific lower back pain?
Non-specific chronic low back pain (NSCLBP) is the leading cause of disability globally, affecting the general population and athletes alike. NSCLBP is defined as pain localised below the costal margin and above the inferior gluteal folds not attributable to a recognisable, known specific pathology (e.g., infection, tumour, osteoporosis, fracture, structural deformity, radicular syndrome, or cauda equina syndrome) (Searle et al., 2015). Specific back pain is caused by radiculopathy and radicular pain, spondyloarthropathy, compression fractures, epidural abscesses, cauda equina syndrome, spinal canal stenoses, malignancy or referred pain other internal organ diseases (Csuhai et al., 2021).
How many people are affected? 
Back pain affects up to 80-90% of the population at some time in their lives (Owen et al., 2020). Amongst the data collected between 1990-2017, out of 354 diseases and injuries, LBP remains the primary cause of the total number of years lived with disability in 126 of 195 countries (James et al., 2018). Additionally, there is a 33% recurrence rate during the first year (Calatayud et al., 2020).
Factors contributing to NSCLBP 
NSCLBP can be strongly associated with various modifiable physical, lifestyle, psychological and neurophysiological risk factors. Lifestyle factors include sedentary behaviour, sudden increases in activity levels, abdominal obesity, sleep deficits and disruption, excessive alcohol, and smoking are further risk factors. Psychological factors such as negative beliefs, fear of pain, depression, anxiety, catastrophic thinking, and stress burden NSCLBP (Hartvigsen et al., 2018). However, these factors are frequently poorly identified and inadequately spoken, although they have been established to modify pain processing pathways, coping and perceptions (O’Sullivan et al., 2018). The stimulus of these features in NSCLBP has initiated an increase in the risk of disability (O’Sullivan et al., 2018), which regularly exhibits reduced functional capacity, avoiding typical activities such as work.
What do we already know? 
Current guidelines recommend non-pharmacological interventions, including exercise alongside general activity, cognitive behavioural therapy, and education to manage persistent NSCLBP (Foster et al., 2018). For individuals with NSCLBP, exercise has been initiated to have a minor but meaningful effect on function and pain (Calatayud et al., 2020). Furthermore, strength training has been more effective for improving function in NSCLBP patients than aerobic training, stretching exercises and coordination exercises (Searle et al., 2015). It has also been suggested that strength training should be performed as progressive resistance training, starting with low load and a high number of repetitions and progressing to high load and a low number of repetitions (Calatayud et al., 2020).

Therefore, the primary objective for this systematic review is to evaluate the existing evidence on the effectiveness of resistance training in managing NSCLBP. It is essential to understand associations in NSCLBP management strategies, such as psychological factors, and how the resistance training programs can be used efficiently.
Method
This current literature review will be conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA-P) guidelines (Liberati et al., 2009). Furthermore, the PRISMA-P checklist was followed to ensure that the correct inclusion criteria had been integrated. 
Literature search
A systematic review of the current literature was completed using the electronic databases EBSCOhost, University database (University of Wales Trinity Saint David library database), ProQuest (February 2022 to March 2022). The following keywords were employed in the search strategy: non-specific chronic low back pain, resistance training, reduced pain, improved function and reduce depressive symptoms.
Selection of studies
Titles, abstracts, methods, and the PICO of the included studies were revised, bidding to classify any relevant studies (JS). Once this was succeeded, the full text of these studies was evaluated to determine the final study selection (JS). Eight studies in total were included in this final review. The following were included in the study inclusion criteria: 1) investigating a method of resistance training and its effects on reducing pain, improving function in patients with NSCLBP; 2) study designs (containing randomised control trials, non-randomised control trials, papers published from 2014-2022, peer-reviewed, in English and full-text; 3) investigating an outcome for managing NSCLBP for subjects between 18-75 years old,  primary outcomes such as muscle fibre typing and morphometry, improve function, increase isometric, dynamic and one-repetition max strength, reduce the risk of musculoskeletal disorders and LBP and decrease symptoms relating to these disorders in the case of involvement, examine the change in depressive symptoms, pain intensity, pain-related disability and pain self-efficacy.
Data extraction
One author (JS) independently extracted data on study characteristics and effect sizes using a predefined form. The extracted data for each paper included the a) objective, b) databases searched, c) population, intervention and outcomes, d) outcome measures, e) included and excluded studies, f) results of study g) authors' conclusion.

List of search query and results for each database
Table 1 Electronic databases and search results included in the study
	Database
	Search query
	Results 
	Date

	Proquest
	non-specific chronic low back pain, resistance training, reduce pain, improve function and reduce depressive symptoms.
	291
	2nd March 

	UWTSD library database
	non-specific chronic low back pain, resistance training, reduce pain, improve function and reduce depressive symptoms.
	50
	2nd March 

	EBSCOhost
	non-specific chronic low back pain, resistance training
	6
	2nd March 




Eligibility criteria
Table 2 Inclusion and exclusion criteria (PICOS)
	PICOS 
	Inclusion 
	Exclusion 

	Population 
	18-75 years
Non-specific low back pain
Male and Female
	Mechanical back pain

	Intervention 
	Resistance training (strength training, functional training, resistance band training), high intensity training, moderate intensity training, MDR. Control - education, cardiorespiratory training, core muscle training, back school program and water-based therapy.

	Participated in a similar exercise program on a regular basis during the last 6 months. 



	Comparator/Outcomes
	Pain, disability, function, quality of life, improved activities of daily living, increased strength, depressive symptoms, muscle fibre size and cross-sectional area.
	

	Study 
	RCT/NRCT - observational studies, cohort, laboratory study, quasi-experimental pilot studies, and cross-sectional.
	Systematic reviews 




Population
The subjects involved in this study had to be 18-75 years old, male and female, diagnosed with NSCLBP. 

Intervention
This study will contain studies that use a mode of resistance training such as strength training, functional training, resistance band training, high-intensity training and moderate-intensity training. This study will also include the definition of NSCLBP, the causes of NSCLBP, how many people suffer from NSLBP and how to prevent NSLBP. Multidisciplinary programs were defined as exercises combined with manipulations, mobilisations, psychology, counselling, cognitive-based training, education, or ergonomics (Searle et al 2015). 

Outcomes
The primary outcome for this review was to evaluate if various modes of resistance training reduce pain, improve function, decrease depressive symptoms, and increase strength in people with NSCLBP. 

Results
Study selection
Database searching identified 347 records. After full text and peer-reviewed articles were included, 50 records were found. Twenty-five records were screened; however, eight full-text articles were assessed, and they all met the eligibility criteria. The eight remaining articles were included in the analysis. (Figure 1) presents the PRISMA flowchart for the study selection process, presenting the reasons for exclusion.
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Figure 1. PRISMA flowchart
Intensity
In the study by Verbrugghe et al (2021), they compared high-intensity training to moderate-intensity training and its effects on NSCLBP. Pain intensity, disability, and patient-specific functioning outcomes were maintained at the level of POST intervention (which was significant from PRE intervention, p < 0.05) in both groups. However, HIT led to more significant conservation of lowered disability and improved exercise capacity when compared with MIT (p < 0.05). Furthermore, in a study by Agten et al (2021), they investigated HIT compared to MIT to determine muscle fibre size and muscle fibre type of the erector spinae (ES) and multifidus (MF), and the relative cross-sectional area (RCSA). There were no significant changes in muscle fibre cross-sectional area (CSA), percentage and RCSA of the ES and MF muscle after 12 weeks of exercise training in both intervention groups. Additionally, Berry et al (2019) reported the same results. They stated that improvements in muscle size and quality in both MF and ES correlated with improvements in disability, anxiety, depression, and strength. Compared to conventional training (CON), HIT is reported by Verbrugghe et al (2018). HIT retained motivation to rehabilitate better (HIT: +3%; CON: −25%) and had higher therapy adherence (+16%) during the study course. Disability reduced in both groups (HIT: −10.4%; CON: −8.3%), peak workload (+7.0%), time to exhaustion (+9.5%), and activity level (+5.6%) only improved in HIT. Verbrugghe et al (2020) supports HIT as improving outcomes in patients with NSCLBP. 

Pain
Calatayud et al (2020) conducted a trial to establish the effectiveness of a group-based progressive strength training program as the intervention in NSCLBP patients in primary care on pain recurrence and physical function. The intervention group entailed group-based training focused on increasing core muscle strength. There was an 8.3% recurrence rate in the intervention group, while the control group had a recurrence rate of 33.3% and a shorter time until the first recurrent episode. The intervention group showed increased lumbar extensor strength left-hand handgrip strength and reduced the number of pain sites compared with the control group. Results also showed greater odds for reducing LBP intensity and disability in the intervention group. Tjøsvoll et al (2020) initiated a 16 week periodized resistance training program, beginning with light loads in the first four weeks and then heavy loads in a periodization model. Reductions in pain intensity after 8 and 16 weeks of training was noted. Additionally, there were developments in pain-related disability (3.9, 95% CI: 2.3-5.5), pain self-efficacy (7.7, 95% CI: 5.4-10.1) and muscle strength.

Function
Improve function was the primary outcome in the study by Csuhai et al (2021). They implemented a multimodal progressive functional–proprioceptive training program with short rest periods in a circuit training fashion. Their training program was effective in reduction in musculoskeletal symptoms and improvements in posture (p < 0.001), in dynamic (p< 0.01) and static-isometric (p < 0.001) core strength, inflexibility (p < 0.001), and in balance and coordination (p < 0.05). Furthermore, the study by Iversen et al (2018) general physical exercise was replaced by strength training in progressive resistance training using elastic resistance bands. The control group performed the general exercise, and there was no significant difference between groups from baseline testing to 12 weeks (Table 1). There was no difference in change for the Oswestry Disability Index (ODI) between participants who increased strength above the median compared to those who did not (mean 0.6 [95% CI: −5.8, 7.0], P = .85; supporting increased strength). The level of function was measured as the primary outcome in the study by Semrau et al (2021). With no between-group differences detected in function at the end of the behavioural medical rehabilitation (BMR) (mean difference, 0.08; 95% CI - 2.82 to 2.99; p = 0.955), at 6 months (mean difference, - 1.80; 95% CI; - 5.57 to 1.97; p = 0.349_ and at 12 months (mean difference, - 1.33; 95% CI - 5.57 to 2.92; p = 0.540). Both study groups improved in the primary and secondary outcomes at 12 months with small to medium effect sizes (Table 1). 

Depressive symptoms & quality of life 
In the study by Teychenne et al (2019), intervention described in (Table 1), the mean CES-D 10 score at baseline was 9.17 (SD = 4.32). There was a slight decrease in average depressive symptoms over time (β -0.19 per fortnight, 95% CI = -0.34, -0.02). However, there was no evidence that change over time depended on the treatment group. Further studies with similar outcomes for decreasing depressive symptoms during resistance training were (Kjaer et al., 2018). Likewise, Cortell-Tormo et al (2018) results establish that the resistance training group in their study showed significant improvements in physical function (10%; p <0.05), pain (42%; p <0.05), vitality (31%; p <0.05).
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Table 3 The effects of resistance training on non-specific chronic low back pain
[image: ]






[image: ]
[image: ]


[image: ]
[image: ]











Discussion
The effects of resistance training programs seem to be a valuable method for reducing pain (Matarán-Peñarrocha et al., 2020) (Nowotny et al., 2018), improving strength (Shahidi et al., 2021) (Clael et al 2021) (Dalager et al., 2017), improving function (Brämberg et al., 2017) (Oliveira et al., 2021), and reducing depressive symptoms (Buchmann et al., 2021) in patients with NSCLBP. An individually tailored exercise training program based on outcome measures of pain, function, strength, and depressive symptoms should be specific to the individual’s age, pain severity, fear of movement, and history of activity levels. The studies that applied HIT, circuit training, or short rest periods had a positive outcome for reducing pain and function in patients with NSCLBP compared to MIT (Verbrugghe et al 2021) (Agten et al 2021) (Verbrugghe et al 2018) (Verbrugghe et al 2020). This could be because patients have more motivation to complete the exercises in a shorter duration. Moreover, the physiological effects of increased intensity could have caused the improved effectiveness. Supervised training programs appear better than non-supervised; Teychenne et al (2019) demonstrated this as both intervention groups were supervised, and both groups saw depressive symptoms decrease after completion of the study. A training program under the supervision of someone is beneficial as the individual will be more compliant and adhere to the program, which will potentially help them improve their quality of life. A 12-week, 2-sessions a week program emerges as a standard procedure to target reducing pain and improving function in NSCLBP. In the study by Iversen et al (2018), they implemented a strength training intervention; however, they used resistance bands. This did not provide better outcomes than general training. This is potentially due to using a multidisciplinary biopsychosocial rehabilitation (MDR) approach. Csuhai et al (2021) also used a MDR approach, with the results after the intervention demonstrating positive outcomes (Table 3). It is difficult to determine which method is superior for treating and managing patients with NSCLBP, strength training, resistance band training, or general exercise training. However, there is a robust effect for resistance training for the management of NSCLBP in patients. Tjøsvoll et al (2020) proved this in their study with a periodized resistance training program; pain reduction, improved function and strength was enhanced with the subjects. 

To summarise, NSCLBP is related to low self-efficacy, fear of movement, negative beliefs, and reduced movement, all of which are correlated. Consequently, psychosocial risk and resilience factors play an essential role in MDR (O’Sullivan et al., 2018). Thus, it is essential to consider all factors that lead to NSCLBP. A progressive resistance training program is beneficial in reducing pain and disability; however, the effect of a MDR program provides more significant outcomes in the studies included in this review. MDR can further support a patient by exercise, general activity, education, and cognitive behavioural therapy to manage NSCLBP.  

Conclusion
A MDR approach appears to be a favourable method for the treatment of NSCLBP. Resistance training has a positive effect; however, compared to other training modes, the effect is not significant. Furthermore, compared to MIT, HIT has better outcomes for reducing pain and improving function. Moreover, a 12-week resistance training program, two sessions a week supervised, appears to be appropriate in patients with NSCLBP. When considering a MDR approach, you should contemplate the training intensity, achieving the outcome measures such as pain reduction, function, fear of exercise, depressive symptoms, anxiety, and health-related quality of life.
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program on muscle
fiber characteristics
of the multifidus
(MF) and the erector
spinae (ES)
musculature in
persons with
NSCLBP and to
compare these results
with the effects of a
moderate intensity
training (MIT)
program, which is
used as a control
group.

and morphometry.
Secondary outcomes
- Demographic data,
Blood collection,
processing and
hormone analysis,

if they underwent invasive
surgery of the lumbar spine,
had co-morbidities (e.g.,
paresis and/or sensory
disturbances by neurological
causes, diabetes mellitus,
rheumatoid arthritis),

had a musculoskeletal disorder
other than NSCLBP that could
affect the correct

execution of the therapy
program, were pregnant, had
ongoing compensation claims
and/or work disability >6
months, had followed an
exercise program in the past 3
months or were not able to
attend regular therapy
appointments

assigned to either a HIT
(experimental- 80% 1RM)
or MIT (control- 60%
1RM) group. Both groups
carried out their programs at
their respective intensities.
Both engaged in
cardiorespiratory training on
a cycle ergometer, general
resistance training, and core
muscle training.

were analyzed (13 in the MIT group, 15 in the
HIT group). There were no significant
changes in muscle fiber CSA, percentage and
RCSA of the ES muscle after 12 weeks of
exercise training in both intervention groups.
There were no significant changes in the
muscle fiber type percentage in both
intervention groups. After 12 weeks of
training at high intensity (HIT group), there
was a significant decrease in RCSA of type I
muscle fibers (p = 0.0252) and an increase in
RCSA of type Il muscle fibers (p = 0.0269).
These changes were not found in the MIT
group. There were no significant changes in
IGF-1 serum levels after 12 weeks of training
in both groups. In the HIT group, there was a
significant decrease in GH serum levels after
the exercise training program, while no
changes were found in the MIT group.

improvements in disability and
exercise capacity were greater in
participants in the HIT group
compared to the participants in the
MIT group. A 12-week HIT program
consisting of cardiorespiratory
interval, general resistance and core
muscle training could counteract the
muscle fiber shift in the MF that was
observed in low back pain. Training
at moderate intensity did not induce a
muscle fiber shift, which might
suggest that the physiological effects
of increased intensity could have
caused the increased effectiveness.
Future studies should focus on the
long-term effects of HIT on both
muscle fiber characteristics, as well
as on clinical outcomes.
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Agten et al., 

2021

Pilot Trial. 

Objective 

- evaluate the effects 

of a high intensity 

training (HIT) 

program on muscle 

fiber characteristics 

of the multifidus 

(MF) and the erector 

spinae (ES) 

musculature in 

persons with 

NSCLBP and to 

compare these results 

with the effects of a 

moderate intensity 

training (MIT) 

program, which is 

used as a control 

group.

Persons with NSCLBP 

were recruited by local 

advertisement

Inclusion - 

NSCLBP, 

between 25–60 years of age 

and able to speak and 

understand Dutch

 Exclusion

 - 

if they underwent invasive 

surgery of the lumbar spine, 

had co-morbidities (e.g., 

paresis and/or sensory 

disturbances by neurological 

causes, diabetes mellitus, 

rheumatoid arthritis), 

had a musculoskeletal disorder 

other than NSCLBP that could 

affect the correct 

execution of the therapy 

program, were pregnant, had 

ongoing compensation claims 

and/or work disability >6 

months, had followed an 

exercise program in the past 3 

months or were not able to 

attend regular therapy 

appointments

Participants of both groups 

followed a 12-week 

training, program (2/w, 1.5 

h/session). They were 

assigned to either a HIT 

(experimental- 80% 1RM) 

or MIT (control- 60% 

1RM) group. Both groups 

carried out their programs at 

their respective intensities. 

Both engaged in 

cardiorespiratory training on 

a cycle ergometer, general 

resistance training, and core 

muscle training. 

Inclusion of 33 participants whose muscle 

samples of the ES were analyzed (16 in the 

MIT group, 17 in the HIT group), and 28 

participants whose muscle samples of the MF 

were analyzed (13 in the MIT group, 15 in the 

HIT group). There were no significant 

changes in muscle fiber CSA, percentage and 

RCSA of the ES muscle after 12 weeks of 

exercise training in both intervention groups. 

There were no significant changes in the 

muscle fiber type percentage in both 

intervention groups. After 12 weeks of 

training at high intensity (HIT group), there 

was a significant decrease in RCSA of type I 

muscle fibers (p = 0.0252) and an increase in 

RCSA of type II muscle fibers (p = 0.0269). 

These changes were not found in the MIT 

group. There were no significant changes in 

IGF-1 serum levels after 12 weeks of training 

in both groups. In the HIT group, there was a 

significant decrease in GH serum levels after 

the exercise training program, while no 

changes were found in the MIT group.

Participants of this randomized 

controlled trial showed improvements 

in disability, exercise capacity and 

pain in both intervention groups. The 

improvements in disability and 

exercise capacity were greater in 

participants in the HIT group 

compared to the participants in the 

MIT group. A 12-week HIT program 

consisting of cardiorespiratory 

interval, general resistance and core 

muscle training could counteract the 

muscle fiber shift in the MF that was 

observed in low back pain. Training 

at moderate intensity did not induce a 

muscle fiber shift, which might 

suggest that the physiological effects 

of increased intensity could have 

caused the increased effectiveness. 

Future studies should focus on the 

long-term effects of HIT on both 

muscle fiber characteristics, as well 

as on clinical outcomes.

Primary & 

Secondary Outcome 

Measures

Primary outcomes

 - 

Biopsy sampling, 

Immunohistochemistr

y, Muscle fiber typing 

and morphometry. 

Secondary outcomes 

- 

Demographic data, 

Blood collection, 

processing and 

hormone analysis, 
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Objective - evaluate the
effectiveness of a group
based progressive
strength training
program in non-specific
chronic LBP patients in
primary care on pain
recurrence and physical
function, strengthen
lumbar extensor
muscles, reduce back
and widespread pain,
and reduce disability.

All subjects who
accomplished the inclusion
criteria (assessed

by a physician) were

asked to participate. All
participants were informed
about the purpose and

content of the project and gave
their written informed

consent to participate in the stu
dy. In addition, at the first
follow-up, subjects had to give
additional permission to use
their register data

at the hospital medical record
for the second follow-up
period.

Primary outcome -
between group difference
in the number of LBP
exacerbation episodes
during the 100 days after
the intervention. Secondry
outcome - LBP intensity.
An 11-point numerical
rating scale, where 0 = “no
pain” and 10 = “the worst
possible pain”, was used
to assess the subject’s
perception of LBP
intensity during the last
week. Secondary
outcomes were assessed at
baseline and after the
completion of the program:

Inclusion - having non-specific
CLBP, age 18-75,

living in the hospital area, and
scheduled for

rehabilitation in primary care.
Exclusion - severe somatic
condition (e.g., cancer),
psychiatric alteration, neurological
disease, had or were waiting for
spine surgery, or had
participated in a similar exercise
program on a regular basis
during the last 6 months or had
contraindications for high-
intensity resistance training

Intervention Group - The progressive strength
training program consisted of group-based
training, focused on increasing core muscle
strength. Further progressions were
individualized for each subject. To ensure
adequate activity for the respective muscles,
exercise selection was based on previous
studies.

Control Group - performed the usual Back-
School rehabilitation program for 8 weeks.
Subjects had 2 supervised sessions per week
during the first 3 weeks in groups of 5-10
subjects. Subjects continued with the same
protocol at home during the rest of the 5 weeks,
performing the exercises daily.

The intervention group
showed a recurrencerate of 8.3%,
while the control group

had a recurrence rate of 33.3% and a shorter

time until the first recurrent

episode. The intervention group showed
increased lumbar extensor strength, left-hand

handgrip strength, and

reduced the number of pain sites compared
with the control group. Results also showed
greater odds for reducing LBP intensity and

disability in the intervention group.

A group-

based progressive strength training
program is a more effective and
efficient alternative than Back-School
programs and can easily be carried
out in the primary health care context.

Csubhai et al
2021

Interventional cohort
study among sedentary
employees of the
Hungarian subsidiary of
the National

Instruments
Corporation. Objective -
The aim of our study
was to perform the
impact analysis of a
newly developed
Multimodal Workplace
Training Program
among sedentary
workers by examining
physical parameters
(posture, spinal
mobility, muscular
flexibility, static and
dynamic muscle
strength, coordination
and balancing abilities)
and subjective outcome
measures.

From a total of 1452
employees, those workers who
had experienced lumbar
complaints in the previous year
and who

had sedentary occupations
were invited to participate in
the physical examinations and
in a 20-

week long Multimodal Progres
sive Functional-Proprioceptive
Training Program. Clinical
examination - Spinal mouse,
frontal plane standing position,
frontal plane sitting position,
chest mobility, sit and reach
test, Y -blance test, plank test,
side plank test, timed
abdominal curl test, modified
biering-sorensen test, dynamic
trunk extensor. Tested at
baseline and follow up (20
weeks)

Primary outcome -
improve function, increase
isometric and dynamic
strength, reduce the risk
of Muskuloskeletal
disorders and LBP and
decrease symptoms
relating to these disorders
in the case of involvement.

Inclusion - sedentary worker of
the company, presence of acute or
chronic non-specific LBP,
previos LBP episode during the
last twelve months, having no
other known, diagnosed spinal,
internal organ or other
musculoskeletal disorders, age
betweem 20 and 60 years, lack of
specific LBP. having willingness
and/or ability to participate in the
training program. Exclusion -
lack of completion of pre-
intervention questionnaire, lack of
completion of pre-intervention
physical examination, the number
of training sessions completed by
the participant <30 sessions, lack
of completion of post-intervention
physical examination, lack of
signature for informed consent

Multimodal Progressive Functional-Propriocepti
ve Training Program. During the phase of
Functional Training, the group was divided into
two subgroups, and circuit training was
performed. One subgroup performed exercises
chosen from the previous phases of the TP; the
other subgroup used a Suspension Trainer (ST).
4 sets of different exercises were performed with
4 repetitions of each exercise. One repetition of
an exercise lasted for 45 s, followed by 15 s of
recovery, and a 1 min recovery time was allowed
between the sets. None of the exercises were
compulsory to complete; all the participants had
the opportunity to ask for a given exercise to be
changed to an easier or harder one. The exercises
in this phase were chosen from side-squat; swiss
ball wall squat; TRX-Squat, one-sided lunges,
alternating lunges, bilateral stable bridging,
bilateral stable bridging with one-sided knee
extension, narrow and wide kneeling push up,
abdominal curl, swiss ball abdominal curl, trunk
extension, swiss ball trunk extension, unilateral
stable bridging.

Our Training Program was effective in
several aspects, including a reduction in
musculoskeletal symptoms and improvements
in posture (p < 0.001), in dynamic (p < 0.01)
and static-isometric (p < 0.001) core strength,
in flexibility (p < 0.001), in spinal inclination
in the sagittal (p < 0.001) and frontal (p <
0.01) plane, and in balance and coordination

(p <0.05).

The Multimodal

Progressive Functional-Propriocepti
ve Training was highly effective, and
the application of such a

complex training program can be
recommended in workplace settings.
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Objective

 - evaluate the 

effectiveness of a group 

based progressive 

strength training 

program in non-specific 

chronic LBP patients in 

primary care on pain 

recurrence and physical 

function, strengthen 

lumbar extensor 

muscles, reduce back 

and widespread pain, 

and reduce disability.

All subjects who 

accomplished the inclusion 

criteria (assessed 

by a physician) were 

asked to participate. All 

participants were informed 

about the purpose and 

content of the project and gave 

their written informed 

consent to participate in the stu

dy. In addition, at the first 

follow-up, subjects had to give 

additional permission to use 

their register data 

at the hospital medical record 

for the second follow-up 

period. 

Inclusion

 - having non-specific 

CLBP, age 18–75, 

living in the hospital area, and 

scheduled for 

rehabilitation in primary care.                               

Exclusion

 - severe somatic 

condition (e.g., cancer), 

psychiatric alteration, neurological 

disease, had or were waiting for 

spine surgery, or had 

participated in a similar exercise 

program on a regular basis 

during the last 6 months or had 

contraindications for high-

intensity resistance training

Intervention Group

 - The progressive strength 

training program consisted of group-based 

training, focused on increasing core muscle 

strength. Further progressions were 

individualized for each subject. To ensure 

adequate activity for the respective muscles, 

exercise selection was based on previous 

studies.

Control Group

 - performed the usual Back-

School rehabilitation program for 8 weeks. 

Subjects had 2 supervised sessions per week 

during the first 3 weeks in groups of 5–10 

subjects. Subjects continued with the same 

protocol at home during the rest of the 5 weeks, 

performing the exercises daily.

The intervention group 

showed a recurrencerate of 8.3%, 

while the control group 

had a recurrence rate of 33.3% and a shorter 

time until the first recurrent 

episode. The intervention group showed 

increased lumbar extensor strength, left-hand 

handgrip strength, and 

reduced the number of pain sites compared 

with the control group. Results also showed 

greater odds for reducing LBP intensity and 

disability in the intervention group.

A group-

based progressive strength training 

program is a more effective and 

efficient alternative than Back-School 

programs and can easily be carried 

out in the primary health care context.

Csuhai et al 

2021

Interventional cohort 

study among sedentary 

employees of the 

Hungarian subsidiary of 

the National 

Instruments 

Corporation. 

Objective

 - 

The aim of our study 

was to perform the 

impact analysis of a 

newly developed 

Multimodal Workplace 

Training Program 

among sedentary 

workers by examining 

physical parameters 

(posture, spinal 

mobility, muscular 

flexibility, static and 

dynamic muscle 

strength, coordination 

and balancing abilities) 

and subjective outcome 

measures.

From a total of 1452 

employees, those workers who 

had experienced lumbar 

complaints in the previous year 

and who 

had sedentary occupations 

were invited to participate in 

the physical examinations and 

in a 20-

week long Multimodal Progres

sive Functional–Proprioceptive

 Training Program. Clinical 

examination - Spinal mouse, 

frontal plane standing position, 

frontal plane sitting position, 

chest mobility, sit and reach 

test, Y-blance test, plank test, 

side plank test, timed 

abdominal curl test, modified 

biering-sorensen test, dynamic 

trunk extensor. Tested at 

baseline and follow up (20 

weeks)

Inclusion

 - sedentary worker of 

the company, presence of acute or 

chronic non-specific LBP, 

previos LBP episode during the 

last twelve months, having no 

other known, diagnosed spinal, 

internal organ or other 

musculoskeletal disorders, age 

betweem 20 and 60 years, lack of 

specific LBP. having willingness 

and/or ability to participate in the 

training program. 

Exclusion

 - 

lack of completion of pre-

intervention questionnaire, lack of 

completion of pre-intervention 

physical examination, the number 

of training sessions completed by 

the participant <30 sessions, lack 

of completion of post-intervention 

physical examination, lack of 

signature for informed consent

Multimodal Progressive Functional–Propriocepti

ve Training Program. During the phase of 

Functional Training, the group was divided into 

two subgroups, and circuit training was 

performed. One subgroup performed exercises 

chosen from the previous phases of the TP; the 

other subgroup used a Suspension Trainer (ST). 

4 sets of different exercises were performed with 

4 repetitions of each exercise. One repetition of 

an exercise lasted for 45 s, followed by 15 s of 

recovery, and a 1 min recovery time was allowed 

between the sets. None of the exercises were 

compulsory to complete; all the participants had 

the opportunity to ask for a given exercise to be 

changed to an easier or harder one. The exercises 

in this phase were chosen from side-squat; swiss 

ball wall squat; TRX-Squat, one-sided lunges, 

alternating lunges, bilateral stable bridging, 

bilateral stable bridging with one-sided knee 

extension, narrow and wide kneeling push up, 

abdominal curl, swiss ball abdominal curl, trunk 

extension, swiss ball trunk extension, unilateral 

stable bridging.

Our Training Program was effective in 

several aspects, including a reduction in 

musculoskeletal symptoms and improvements 

in posture (

p

 < 0.001), in dynamic (

p

< 0.01) 

and static-isometric (

p

 < 0.001) core strength, 

in flexibility (

p

 < 0.001), in spinal inclination 

in the sagittal (

p

 < 0.001) and frontal (

p

 < 

0.01) plane, and in balance and coordination 

(

p

 < 0.05).

The Multimodal 

Progressive Functional–Propriocepti

ve Training was highly effective, and 

the application of such a 

complex training program can be 

recommended in workplace settings.

Primary outcome

 - 

between group difference 

in the number of LBP 

exacerbation episodes 

during the 100 days after 

the intervention. 

Secondry 

outcome

 - LBP intensity. 

An 11-point numerical 

rating scale, where 0 = “no 

pain” and 10 = “the worst 

possible pain”, was used 

to assess the subject’s 

perception of LBP 

intensity during the last 

week. Secondary 

outcomes were assessed at 

baseline and after the 

completion of the program:

Primary outcome

 - 

improve function, increase 

isometric and dynamic 

strength,   reduce the risk 

of Muskuloskeletal 

disorders and LBP and 

decrease symptoms 

relating to these disorders 

in the case of involvement.
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RCT; Single blinded.
Objective - whether
multidisciplinary
biopsychosocial
rehabilitation could be
more effective in
reducing pain-related
disability when general
physical exercise was
replaced by strength
training in the form of
progressive resistance
training using elastic
resistance bands.

The study was carried out in an
outpatient hospital back and
neck pain clinic (Department of
Physical Medicine and
Rehabilitation, St. Olavs
Hospital, Trondheim
University Hospital, Norway).
Study participants were
recruited from the clinic

This randomized clinical trial
(RCT) investigated whether a
3-week multidisciplinary
biopsychosocial rehabilitation
(MDR) program could be
more effective in reducing
LBP-related disability when
general physical exercise
(GPE) was replaced with
progressive resistance training
using elastic resistance bands
(ERBs). Primary outcome -
between-group difference in
change on the Oswestry
Disability Index (ODI) at 12
weeks. Due to early dropouts,
data from 74 participants
(mean age: 45 years, 57%
women, mean ODI: 30.4)
were obtained at baseline, 61
participants were followed-up
at 3 weeks, and 46 at 12
weeks.

Inclusion - (a) chronic (>3 months) or
recurrent (>2 periods with duration >4
weeks the past year) non-specific LBP, (b)
strongest LBP the last 2 weeks >4 on
numerical pain rating scale (NRS: 0-10),
and (c) age 16-70 years. Exclusion - (a) had
a severe somatic condition (e.g, cancer,
inflammatory rheumatic disease, severe
osteoporosis) or psychiatric condition that
would severely impair group functioning,
(b) had insufficient comprehension of
Norwegian language to participate in group
sessions and fill out questionnaires, (c) were
awaiting surgery of the lumbar spine, (d)
had alcohol or drug abuse, (e) had an
ongoing compensation claim or were
applying for disability pension due to LBP,
(f) had been engaged in high-intensity
resistance training on a regular basis during
the last 6 months, or (g) had contra-
indications for high-intensity resistance
training (e.g, shoulder complications
severely limiting the ability to conduct the
training program).

The MDR involved two full weeks (5 days per
week) of rehabilitation with a 1-week break in
between, and included patient education, GPE, and
group discussions and individual meetings with
therapists. Participants in the ERB-group performed
three sessions of ERB per week during the 3-week
MDR period (supervised in week one and three)
and were instructed to perform homebased ERB
three times per week in the 9 weeks after completion
of the MDR program (12 weeks in total). The
exercises used were squats, stiff-legged deadlifts,
flies, unilateral rows, reversed flies, unilateral
shoulder abduction, and lateral pulldown.

Overall, the mean ODI score (30.4, SD: 11.4) and
the NRS score for the last 2 weeks (6.8, SD: 2.0)
indicated that the participants had moderate
disability and moderate-to-severe pain at baseline.
No significant baseline differences were observed
between participants in the RCT and the reference
group, except for a higher proportion of people
being sick listed in the RCT. There was no
significant difference between participants that
completed and those who dropped out. There was
no significant difference between groups in the
change from baseline to 12-week follow-up (mean
difference: 1.6 [95% CI: —3.9, 7.0] P = .570).
From baseline (mean: 30.4 [95% CI: 27.7, 33.0]),
the ODI within the GPE group decreased to 26.4
(95% CI: 22.8, 30.0) at 3-week follow-up and to
21.1 (95% CI: 17.0, 25.3) at 12-week follow-up.
The corresponding ODI values within the ERB-
group was 28.1 (95% CI: 24.4, 31.9) at 3-week
follow-up and 22.7 (95% CI: 18.7, 26.7) at 12-
week follow-up. The improvement from baseline
to 12 weeks was statistically significant for both
groups and from baseline to 3 weeks for the GPE

group.

In summary, our findings provide no support
that replacing GPE with ERB in MDR will
improve LBP-related disability in patients with
chronic non-specific LBP. Low back pain is a
leading cause of disability in most countries
across the world.1 While numerous treatment
options exists, none have been found to provide
more than small to-moderate effects. MDR
including exercise is considered more effective
than unimodal treatments for chronic LBP, but it
is unclear which exercise modality that should
be incorporated in MDR. Recent evidence
suggests that resistance training could be a
promising treatment option for persons with
chronic LBP. This study investigated whether
patients participating in MDR could have greater
benefits when replacing the usual general
physical exercise with progressive resistance
training using elastic resistance bands. However,
we observed similar changes for both groups
and encourage clinicians to advice patients’ to
choose between these exercise options based on
their interests and motivation.

Semrau et al.,
2021

Adults with CLBP in
two rehabilitation
centres were online
randomised based on an
“urn randomisation’
algorithm. The objective
of the study was to
assess the effectiveness
of behavioural medical
rehabilitation (BMR) +
behavioural exercise
therapy (BET)
compared to BMR +
standard exercise
therapy (SET) in
individuals with CLBP
in a two-armed, pre-
registered, multicentre,
parallel, randomised
controlled trial (RCT).

Recrutment was conducted
between January 2012 and
March 2013, after 6 months
between July 2012 and
September 2013, and the one
year follow up was finished in
March 2014. After submission
of the signed informed consent
of the study participants,
enrolment took place based on
the assessment of the inclusion
and exclusion criteria by the
physicians within rehabilitation
centre.

Primary outcome - the level
of function, was measured by
the Hannover Functional
Ability Questionnaire.
Secondary outcome - pain,
depression, anxiety disorder,
health related quality of life,
stress, physical activity, pain
related emotions, cognitions
and behavior, tampa scale for
kinesiophobia.

Inclusion - Intervertebral disc disorders,
other specified/unspecified dorsopathies,
lumbago with sciatica,low back pain, pain in
thoracic spine, persistent somatoform pain
disorder, chronic pain disorder with somatic
psychological factors, psychological and
behavioural factors associated with
disorders or diseases classified elsewhere.
Exclusion - Specific underlying diagnosis
of the back pain (e.g radicular symptoms,
myelopathy, considerably reduced health
status (cormobidities), reduction of sight
and hearing, age below 18 or over 65.

Control group (BMR + SET) - SET within BMR
consisted of closed group (10 - 12 participants) with
8 - 13 sessions of 30 - 45 mins each. Participants
received an assessment of physical fitness, back
school (education about CLBP), general resistance
training, water based therapy, walking/nordic
walking and stationary cycling. The primary aim of
SET within BMR was to improve physical fitness.
The SET in both rehabilitation centres was
conducted by experienced physical therapists.
Intervention group - 6-12 participants. BET
aimed at 1) development of active, self-management
stratagies when coping with CLBP 2) introduction
to physical activity and the long term maintanence of
it. 3) improvement of health related fitness. Exercise
elements were combined with health education and
behavioural techniques. Promotion of self
management in BET included education and group
discussions about different coping strategies in
relation to physical activity, the interplay of
thoughts, mood and posture and how to deal with
recuring episodes of CLBP. The BET consisted of
15 sessions, with a duration of 60 min each.

There were no between-group differences
observed in function at the end of the BMR (mean
difference, 0.08; 95% CI - 2.82 t0 2.99; p =
0.955), at 6 months (mean difference, - 1.80; 95%
CI;-5.57t0 1.97; p =0.349 and at 12 months
(mean difference, - 1.33;95% CI - 5.57t02.92; p
=0.540). Both study groups improved in the
primary outcome and most secondary outcomes at
12 months with small to medium effect sizes.

SET + BMR and BET+BMR do not differ in
terms of their effectiveness in improving
function or other secondary outcomes. SET with
biomedical approach, when embedded into
complex BMR, is equally effective compared to
BMR with a biopsychosocial orientated BET.
Witihin BMR, in contrast to SET, BET offers a
standardised, manualised, evidence based and
theory based approach, which is recommended
for the BMR by the German pension insurance
association. Implementing BET in
multidisciplinary biopsychocial rehabilitation
such as BMR for treatment of CLBP is one
option in routine care.
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RCT; Single blinded. 

Objective

 - whether 

multidisciplinary 

biopsychosocial 

rehabilitation could be 

more effective in 

reducing pain‐related 

disability when general 

physical exercise was 

replaced by strength 

training in the form of 

progressive resistance 

training using elastic 

resistance bands.

The study was carried out in an 

outpatient hospital back and 

neck pain clinic (Department of 

Physical Medicine and 

Rehabilitation, St. Olavs 

Hospital, Trondheim 

University Hospital, Norway). 

Study participants were 

recruited from the clinic

Inclusion

 - (a) chronic (≥3 months) or 

recurrent (≥2 periods with duration ≥4 

weeks the past year) non-specific LBP, (b) 

strongest LBP the last 2 weeks ≥4 on 

numerical pain rating scale (NRS: 0-10), 

and (c) age 16-70 years. 

Exclusion

 - (a) had 

a severe somatic condition (e.g, cancer, 

inflammatory rheumatic disease, severe 

osteoporosis) or psychiatric condition that 

would severely impair group functioning, 

(b) had insufficient comprehension of 

Norwegian language to participate in group 

sessions and fill out questionnaires, (c) were 

awaiting surgery of the lumbar spine, (d) 

had alcohol or drug abuse, (e) had an 

ongoing compensation claim or were 

applying for disability pension due to LBP, 

(f) had been engaged in high-intensity 

resistance training on a regular basis during 

the last 6 months, or (g) had contra-

indications for high-intensity resistance 

training (e.g, shoulder complications 

severely limiting the ability to conduct the 

training program).

The MDR involved two full weeks (5 days per 

week) of rehabilitation with a 1-week break in 

between, and included patient education, GPE, and 

group discussions and individual meetings with 

therapists. Participants in the ERB-group performed 

three sessions of ERB per week during the 3-week 

MDR period (supervised in week one and three) 

and were instructed to perform homebased ERB 

three times per week in the 9 weeks after completion 

of the MDR program (12 weeks in total). The 

exercises used were squats, stiff-legged deadlifts, 

flies, unilateral rows, reversed flies, unilateral 

shoulder abduction, and lateral pulldown. 

Overall, the mean ODI score (30.4, SD: 11.4) and 

the NRS score for the last 2 weeks (6.8, SD: 2.0) 

indicated that the participants had moderate 

disability and moderate-to-severe pain at baseline. 

No significant baseline differences were observed 

between participants in the RCT and the reference 

group, except for a higher proportion of people 

being sick listed in the RCT. There was no 

significant difference between participants that 

completed and those who dropped out. There was 

no significant difference between groups in the 

change from baseline to 12-week follow-up (mean 

difference: 1.6 [95% CI: −3.9, 7.0] P = .570). 

From baseline (mean: 30.4 [95% CI: 27.7, 33.0]), 

the ODI within the GPE group decreased to 26.4 

(95% CI: 22.8, 30.0) at 3-week follow-up and to 

21.1 (95% CI: 17.0, 25.3) at 12-week follow-up. 

The corresponding ODI values within the ERB-

group was 28.1 (95% CI: 24.4, 31.9) at 3-week 

follow-up and 22.7 (95% CI: 18.7, 26.7) at 12-

week follow-up. The improvement from baseline 

to 12 weeks was statistically significant for both 

groups and from baseline to 3 weeks for the GPE 

group.

In summary, our findings provide no support 

that replacing GPE with ERB in MDR will 

improve LBP-related disability in patients with 

chronic non-specific LBP. Low back pain is a 

leading cause of disability in most countries 

across the world.1 While numerous treatment 

options exists, none have been found to provide 

more than small to-moderate effects. MDR 

including exercise is considered more effective 

than unimodal treatments for chronic LBP, but it 

is unclear which exercise modality that should 

be incorporated in MDR. Recent evidence 

suggests that resistance training could be a 

promising treatment option for persons with 

chronic LBP. This study investigated whether 

patients participating in MDR could have greater 

benefits when replacing the usual general 

physical exercise with progressive resistance 

training using elastic resistance bands. However, 

we observed similar changes for both groups 

and encourage clinicians to advice patients’ to 

choose between these exercise options based on 

their interests and motivation.

Semrau et al., 

2021

Adults with CLBP in 

two rehabilitation 

centres were online 

randomised based on an 

‘urn randomisation’ 

algorithm. The objective 

of the study was to 

assess the effectiveness 

of behavioural medical 

rehabilitation (BMR) + 

behavioural exercise 

therapy (BET) 

compared to BMR + 

standard exercise 

therapy (SET) in 

individuals with CLBP 

in a two-armed, pre-

registered, multicentre, 

parallel, randomised 

controlled trial (RCT).

Recrutment was conducted 

between January 2012 and 

March 2013, after 6 months 

between July 2012 and 

September  2013, and the one 

year follow up was finished in 

March 2014. After submission 

of the signed informed consent 

of the study participants, 

enrolment took place based on 

the assessment of the inclusion 

and exclusion criteria by the 

physicians within rehabilitation 

centre. 

Inclusion

 - Intervertebral disc disorders, 

other specified/unspecified dorsopathies, 

lumbago with sciatica,low back pain, pain in 

thoracic spine, persistent somatoform pain 

disorder, chronic pain disorder with somatic 

psychological factors, psychological and 

behavioural factors associated with 

disorders or diseases classified elsewhere. 

Exclusion

 - Specific underlying diagnosis 

of the back pain (e.g radicular symptoms, 

myelopathy, considerably reduced health 

status (cormobidities), reduction of sight 

and hearing, age below 18 or over 65. 

Control group

 

(BMR + SET)

 - SET within BMR 

consisted of closed group (10 - 12 participants) with 

8 - 13 sessions of  30 - 45 mins each. Participants 

received an assessment of  physical fitness, back 

school (education about CLBP), general resistance 

training, water based therapy, walking/nordic 

walking and stationary cycling. The primary aim of 

SET within BMR was to improve physical fitness. 

The SET in both rehabilitation centres was 

conducted by experienced physical therapists. 

Intervention group

 -  6-12 participants. BET 

aimed at 1) development of active, self-management 

stratagies when coping with CLBP 2) introduction 

to physical activity and the long term maintanence of 

it. 3) improvement of health related fitness. Exercise 

elements were combined with health education and 

behavioural techniques. Promotion of self 

management in BET included education and group 

discussions about different coping strategies in 

relation to physical activity, the interplay of 

thoughts, mood and posture and how to deal with 

recuring episodes of CLBP. The BET consisted of 

15 sessions, with a duration of 60 min each.  

There were no between-group differences 

observed in function at the end of the BMR (mean 

difference, 0.08; 95% CI - 2.82 to 2.99; 

p

 = 

0.955), at 6 months (mean difference, - 1.80; 95% 

CI; - 5.57 to 1.97; 

p

 = 0.349_ and at 12 months 

(mean difference, - 1.33; 95% CI - 5.57 to 2.92; 

p 

= 0.540). Both study groups improved in the 

primary outcome and most secondary outcomes at 

12 months with small to medium effect sizes. 

SET + BMR and BET+BMR do not differ in 

terms of their effectiveness in improving 

function or other secondary outcomes. SET with 

biomedical approach, when embedded into 

complex BMR, is equally effective compared to 

BMR with a biopsychosocial orientated BET. 

Witihin BMR, in contrast to SET, BET offers a 

standardised, manualised, evidence based and 

theory based approach, which is recommended 

for the BMR by the German pension insurance 

association. Implementing BET in 

multidisciplinary biopsychocial rehabilitation 

such as BMR for treatment of CLBP is one 

option in routine care. 

This randomized clinical trial 

(RCT) investigated whether a 

3-week multidisciplinary 

biopsychosocial rehabilitation 

(MDR) program could be 

more effective in reducing 

LBP-related disability when 

general physical exercise 

(GPE) was replaced with 

progressive resistance training 

using elastic resistance bands 

(ERBs). 

Primary outcome

 - 

between‐group difference in 

change on the Oswestry 

Disability Index (ODI) at 12 

weeks. Due to early dropouts, 

data from 74 participants 

(mean age: 45 years, 57% 

women, mean ODI: 30.4) 

were obtained at baseline, 61 

participants were followed‐up 

at 3 weeks, and 46 at 12 

weeks. 

Primary outcome

 - the level 

of function, was measured by 

the Hannover Functional 

Ability Questionnaire. 

Secondary outcome

 - pain, 

depression, anxiety disorder, 

health related quality of life, 

stress, physical activity, pain 

related emotions, cognitions 

and behavior, tampa scale for 

kinesiophobia. 
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Randomised Feasibility
Trial. Objective -
examine the feasibility
of two intervention
protocols commonly
used in clinical practice
for treating chronic low
back pain, but with
differing exercise dose,
on depressive
symptoms.

Various recruitment methods
were utilised to identify
participants, including: print
and web-based advertising
(including in local businesses
and medical centres located in
inner and Eastern suburbs of
Melbourne), emails sent to
University staff and students,
social media posts (including
Twitter and Facebook), and
word of mouth.

Primary outcome - examine
within-group and between-
group changes in depressive
symptoms.

Inclusion - 1) men and women (aged
2545 years), 2)living in the inner and
Eastern suburbs of Melbourne, Australia, 3)
experiencing non-specific chronic (>3
months) low back pain (located between the
T12 vertebra and gluteal fold). The age
range 25-45 years was selected due to one
of the trial’s primary outcomes measuring
disc degeneration. Exclusion - History of or
planning (within 6 months) invasive spinal
surgery. Had previos traumatic spinal
injury. Currently experiencing symptoms of
cauda equina syndrome or nerve
compression. Diagnosed with structural
scoliosis. Currently recieving treatment for
lower back pain. Undertaking more than one
day a week of gym-based exercise or
organised sport. Weighs more than 120kg.
Currently taking medication for any mental
illness.

Participants in the motor control and manual therapy
(MCMT) group (n = 20) undertook 12 x 30-minute
physiotherapy sessions (one-to-one with a
physiotherapist) following established protocols for
treatment of chronic low back pain. A total of 10 x
30 minute sessions were delivered in the first three
months (approximately weekly sessions), with two
sessions in the final three months spaced every 4-6
weeks. General strength and conditioning
(moderate-dose exercise) (GSC). Participants in the
GSC group (n = 20) received pain education and
undertook gym-based (supervised by an exercise
physiologist) and home-based (unsupervised)
exercise sessions. Each gym-based session was one-
hour in duration, with participants required to attend
two sessions per week (during the first three
months), and then for the final three months
participants could self-select to attend either one or
two supervised training session per week. Exercises
included aerobic conditioning (20 minutes at an
intensity of 65-85% HRmax), proprioceptive
exercises and progressive resistance training.

Mean CES-D 10 score at baseline was 9.17 (SD
=4.32). There was evidence of a small decrease in
average depressive symptoms over time (3 -0.19
per fortnight, 95% CI = -0.34, -0.02). However,
there was no evidence that change over time was
dependent on treatment group.

Exercise hypothesised to improve mental health
through various potential biological mechanisms
including altering neurotransmitters, hormones
and proteins in the brain, as well as reducing pro-
inflammatory cytokine levels. Such pathways
may explain the reduction in depressive
symptoms observed in the current study. An
alternative explanation is the ‘social interaction’
hypothesis, which suggests that mental health
may be enhanced through social interaction,
which both intervention groups were exposed
to. Mediating analyses using larger samples are
needed to test these hypotheses. Reduction in
depressive symptoms amongst adults with
CLBP occurred with both treatment methods
and manual therapy; or general strength and
conditioning.

Tjesvoll et al
2020

Mixed methods
feasibility study.
Objective - to improve
pain, daily functioning,
energy level, sleep, and
change view on
physical activity.

Participants recruited through
public internet based
announcements and among
students and staff at the
Norwegian University of
Science and Technology. A
total of 173 individuals
showed interest to participate
and the first 37 volunteers that
reported that they were eligible
for participation were called in
for clinical examination. The
clinical examination involved
an assessment of function and
tests to rule out sever
pathology and to exclude
potential participants not
satisfying the inclusion
exclusion criteria.

Primary outcome - pain
intensity, pain related
disability, pain self efficacy,
and one repetition max
strength at baseline, 8 weeks
and 16 weeks. Focus groups
interviews conducted at end of
program. Linear mixed models
were used to assess changes
in outcome.

Inclusion Age between 18-65years,
persistant non-specific LBP with duration >
3 months, average LBP intensity last 2
weeks >4 on numerical pain rating scale, no
experience with heavy resistance training.
Exclusion Previous surgery of the low
back, radiculopathy, structural spinal
changes and/or specific spinal conditions
that limit function (spinal stenosis,
ankylosing spondylitis,
spondylothlisthesis/spondylolysis,
protrusion, structural scoliosis),
autoimmune and systemic inflammatory
diseases, cardiovascular disease,
neurological diseases and severe
0steoporosis.

6 training groups of 3-5 participants, trained x2 a
week each session 1,5h. Intervention started with a
4-week adaption phase to teach the participants
correct technique and to reduce potential fear of
lifting weights. Adaptation, strength endurance,
strength, deload.

Reductions in pain intensity after 8 and 16 weeks
of training. The mean difference on the numeric
pain rating scale (0-10) in the last 2 weeks from
baseline to 8§ weeks was 2.6 and from baseline to
16 weeks 3.4. In addition there was improvements
in pain related disability (3.9, 95% CI: 2.3-5.5),
pain self efficacy (7.7, 95% CI: 5.4-10.1) and
muscle strength. In the focus group interviews,
participants talked about challanges regarding
technique, the importance of supervision and the
advantages of periodizing the training. Perceived
benefits were improved pain, daily functioning,
energy level and sleep, and changesin views on
physical activity.

A 16 week periodized resistance training
program, starting with very light loads in the
first 4 weeks and then utilizing heavy loads in a
weekly undulating periodization model for 12
weeks. Clinically meaningful reductions in LBP,
and improvements in pain-related disability, pain
self-efficacy and muscular strength. Periodized
resistance training with weekly undulating
periodization is a feasible training method for
men and women with persistent non specific
LBP. The positive indications should be
investigated further in a RCT.
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Randomised Feasibility 

Trial. 

Objective

 - 

examine the feasibility 

of two intervention 

protocols commonly 

used in clinical practice 

for treating chronic low 

back pain, but with 

differing exercise dose, 

on depressive 

symptoms.

Various recruitment methods 

were utilised to identify 

participants, including: print 

and web-based advertising 

(including in local businesses 

and medical centres located in 

inner and Eastern suburbs of 

Melbourne), emails sent to 

University staff and students, 

social media posts (including 

Twitter and Facebook), and 

word of mouth.

Inclusion

 - 1) men and women (aged 

25–45 years), 2)living in the inner and 

Eastern suburbs of Melbourne, Australia, 3) 

experiencing non-specific chronic (>3 

months) low back pain (located between the 

T12 vertebra and gluteal fold). The age 

range 25–45 years was selected due to one 

of the trial’s primary outcomes measuring 

disc degeneration. 

Exclusion

 - History of or 

planning (within 6 months) invasive spinal 

surgery. Had previos traumatic spinal 

injury. Currently experiencing symptoms of 

cauda equina syndrome or nerve 

compression. Diagnosed with structural 

scoliosis. Currently recieving treatment for 

lower back pain. Undertaking more than one 

day a week of gym-based exercise or 

organised sport. Weighs more than 120kg. 

Currently taking medication for any mental 

illness. 

Participants in the motor control and manual therapy 

(MCMT) group (n = 20) undertook 12 x 30-minute 

physiotherapy sessions (one-to-one with a 

physiotherapist) following established protocols for 

treatment of chronic low back pain. A total of 10 x 

30 minute sessions were delivered in the first three 

months (approximately weekly sessions), with two 

sessions in the final three months spaced every 4–6 

weeks.  General strength and conditioning 

(moderate-dose exercise) (GSC). Participants in the 

GSC group (n = 20) received pain education and 

undertook gym-based (supervised by an exercise 

physiologist) and home-based (unsupervised) 

exercise sessions. Each gym-based session was one-

hour in duration, with participants required to attend 

two sessions per week (during the first three 

months), and then for the final three months 

participants could self-select to attend either one or 

two supervised training session per week. Exercises 

included aerobic conditioning (20 minutes at an 

intensity of 65–85% HRmax), proprioceptive 

exercises and progressive resistance training.

Mean CES-D 10 score at baseline was 9.17 (SD 

= 4.32). There was evidence of a small decrease in 

average depressive symptoms over time (β -0.19 

per fortnight, 95% CI = -0.34, -0.02). However, 

there was no evidence that change over time was 

dependent on treatment group.

Exercise hypothesised to improve mental health 

through various potential biological mechanisms 

including altering neurotransmitters, hormones 

and proteins in the brain, as well as reducing pro-

inflammatory cytokine levels. Such pathways 

may explain the reduction in depressive 

symptoms observed in the current study. An 

alternative explanation is the ‘social interaction’ 

hypothesis, which suggests that mental health 

may be enhanced through social interaction, 

which both intervention groups were exposed 

to. Mediating analyses using larger samples are 

needed to test these hypotheses. Reduction in 

depressive symptoms amongst adults with 

CLBP occurred with both treatment methods 

and manual therapy; or general strength and 

conditioning.

Tjøsvoll et al 

2020

Mixed methods 

feasibility study. 

Objective

 - to improve 

pain, daily functioning, 

energy level, sleep, and 

change view on 

physical activity.  

Participants recruited through 

public internet based 

announcements and among 

students and staff at the 

Norwegian University of 

Science and Technology. A 

total of 173 individuals 

showed interest to participate 

and the first 37 volunteers that 

reported that they were eligible 

for participation were called in 

for clinical examination. The 

clinical examination involved 

an assessment of function and 

tests to rule out sever 

pathology and to exclude 

potential participants not 

satisfying the inclusion 

exclusion criteria. 

Inclusion

 Age between 18-65years, 

persistant non-specific LBP with duration > 

3 months, average LBP intensity last 2 

weeks >4 on numerical pain rating scale, no 

experience with heavy resistance training. 

Exclusion

 Previous surgery of the low 

back, radiculopathy, structural spinal 

changes and/or specific spinal conditions 

that limit function (spinal stenosis, 

ankylosing spondylitis, 

spondylothlisthesis/spondylolysis, 

protrusion, structural scoliosis), 

autoimmune and systemic inflammatory 

diseases, cardiovascular disease, 

neurological diseases and severe 

osteoporosis.

6 training groups of 3-5 participants, trained x2 a 

week each session 1,5h. Intervention started with a 

4-week adaption phase to teach the participants 

correct technique and to reduce potential fear of 

lifting weights. Adaptation, strength endurance, 

strength, deload. 

Reductions in pain intensity after 8 and 16 weeks 

of training. The mean difference on the numeric 

pain rating scale (0-10) in the last 2 weeks from 

baseline to 8 weeks was 2.6 and from baseline to 

16 weeks 3.4. In addition there was improvements 

in pain related disability (3.9, 95% CI: 2.3-5.5), 

pain self efficacy (7.7, 95% CI: 5.4-10.1) and 

muscle strength. In the focus group interviews, 

participants talked about challanges regarding 

technique, the importance of supervision and the 

advantages of periodizing the training. Perceived 

benefits were improved pain, daily functioning, 

energy level and sleep, and changesin views on 

physical activity. 

 A 16 week periodized resistance training 

program, starting with very light loads in the 

first 4 weeks and then utilizing heavy loads in a 

weekly undulating periodization model for 12 

weeks. Clinically meaningful reductions in LBP, 

and improvements in pain-related disability, pain 

self-efficacy and muscular strength. Periodized 

resistance training with weekly undulating 

periodization is a feasible training method for 

men and women with persistent non specific 

LBP. The positive indications should be 

investigated further in a RCT. 

Primary outcome

 -  examine 

within-group and between-

group changes in depressive 

symptoms.

Primary outcome

 - pain 

intensity, pain related 

disability, pain self efficacy, 

and one repetition max 

strength at baseline, 8 weeks 

and 16 weeks. Focus groups 

interviews conducted at end of 

program. Linear mixed models 

were used to assess changes 

in outcome. 
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RCT. The following
baseline participant
characteristics were
collected: gender, age
(years), weight (kg),
and height (cm), to
calculate BMI, time of
onset of CNSLBP
(years, months), fear of
movement (Tampa
Scale for
Kinesiophobia), and
physical activity
(Physical Activity Scale
for Individuals with
Physical Disabilities).
Objective - to compare
the long-term
effectiveness of HIT
with MIT in persons
with CNSLBP.

Participants were recruited
through local study
advertisements in Limburg
(Belgium). Interested persons
received a patient information
letter and were invited for an
intake session. During that
session, the information letter
was reviewed, study inclusion
and exclusion criteria were
evaluated, the informed
consent was signed, and a
study specific screening form
concerning red flags for low
back pain rehabilitation was
filled out

Primary outcome - evaluate
the long-term effectiveness of
HIT on disability, pain
intensity, patient-specific
functioning, exercise capacity,
and trunk muscle strength, and
to compare the long-term
effectiveness of HIT with
MIT in persons with
CNSLBP. Measured at
baseline, at the end of the
intervention, and six months
after cessation of the
intervention program.

Inclusion - Subjects had to speak Dutch, be
25-60 years old, and have medically
diagnosed chronic non-specific lower bacl
pain (CNSLBP). Exclusion - history of
spinal fusion, had a musculoskeletal
disorder aside from CNSLBP that could
affect the execution of the therapy program,
had co-morbidities (e.g., paresis and/or
sensory disturbances by neurological
causes), were pregnant, had ongoing
compensation claims and/or a work
disability >six months, had followed an
exercise intervention for low back pain in
the past three months, or were not able to
attend regular therapy appointments.

Participants of both groups were enrolled in a 12-
week exercise therapy program consisting of 24
supervised individual therapy sessions (2 x 1.5
h/week). Experimental group (‘HIT’): This group

performed a protocol consisting of cardiorespiratory
training, general resistance training, and core muscle

training, all at high intensity (80% 1RM). Control
group (‘MIT’): This group performed a protocol
consisting of cardiorespiratory training, general
resistance training, and core muscle training, all at
moderate intensity (60% 1RM).

Twenty-nine participants (mean age = 44.1 year)
were analysed (HIT:16; MIT:13). Six participants
were lost to follow-up. At FU, pain intensity,
disability, and patient-specific functioning were
maintained at the level of POST (which was
significant from PRE, p < 0.05) in both groups.
However, HIT led to a greater conservation of
lowered disability and improved exercise capacity
when compared with MIT (p < 0.05).

HIT is an effective therapy modality to decrease
disease-specific and physical performance
related outcomes in the long term in CNSLBP.
Six months after cessation, HIT shows greater
improvements in disability and exercise capacity
than an equal exercise therapy program
performed at moderate intensity. Future research
needed to evaluate the exact working
mechanisms of this therapy modality and
optimize therapy protocols. At FU, pain
intensity, disability, and patient-specific
functioning were maintained at the level of
POST (significant from PRE, p < 0.05) in both
groups. HIT led to a greater conservation of
lowered disability and improved exercise
capacity when compared with MIT (p < 0.05).
HIT leads to a greater maintenance of lowered
disability and improved exercise capacity when
compared to MIT six months after cessation of a
12-week supervised exercise therapy
intervention, in persons with CNSLBP.
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RCT. The following 

baseline participant 

characteristics were 

collected: gender, age 

(years), weight (kg), 

and height (cm), to 

calculate BMI, time of 

onset of CNSLBP 

(years, months), fear of 

movement (Tampa 

Scale for 

Kinesiophobia), and 

physical activity 

(Physical Activity Scale 

for Individuals with 

Physical Disabilities). 

Objective

 - to compare 

the long-term 

effectiveness of HIT 

with MIT in persons 

with CNSLBP.

Participants were recruited 

through local study 

advertisements in Limburg 

(Belgium). Interested persons 

received a patient information 

letter and were invited for an 

intake session. During that 

session, the information letter 

was reviewed, study inclusion 

and exclusion criteria were 

evaluated, the informed 

consent was signed, and a 

study specific screening form 

concerning red flags for low 

back pain rehabilitation was 

filled out

Inclusion

 - Subjects had to speak Dutch, be 

25–60 years old, and have medically 

diagnosed chronic non-specific lower bacl 

pain (CNSLBP). 

Exclusion

 - history of 

spinal fusion, had a musculoskeletal 

disorder aside from CNSLBP that could 

affect the execution of the therapy program, 

had co-morbidities (e.g., paresis and/or 

sensory disturbances by neurological 

causes), were pregnant, had ongoing 

compensation claims and/or a work 

disability >six months, had followed an 

exercise intervention for low back pain in 

the past three months, or were not able to 

attend regular therapy appointments.

Participants of both groups were enrolled in a 12-

week exercise therapy program consisting of 24 

supervised individual therapy sessions (2 × 1.5 

h/week). Experimental group (‘HIT’): This group 

performed a protocol consisting of cardiorespiratory 

training, general resistance training, and core muscle 

training, all at high intensity (80% 1RM). Control 

group (‘MIT’): This group performed a protocol 

consisting of cardiorespiratory training, general 

resistance training, and core muscle training, all at 

moderate intensity (60% 1RM).

Twenty-nine participants (mean age = 44.1 year) 

were analysed (HIT:16; MIT:13). Six participants 

were lost to follow-up. At FU, pain intensity, 

disability, and patient-specific functioning were 

maintained at the level of POST (which was 

significant from PRE, p < 0.05) in both groups. 

However, HIT led to a greater conservation of 

lowered disability and improved exercise capacity 

when compared with MIT (p < 0.05). 

HIT is an effective therapy modality to decrease 

disease-specific and physical performance 

related outcomes in the long term in CNSLBP. 

Six months after cessation, HIT shows greater 

improvements in disability and exercise capacity 

than an equal exercise therapy program 

performed at moderate intensity. Future research 

needed to evaluate the exact working 

mechanisms of this therapy modality and 

optimize therapy protocols. At FU, pain 

intensity, disability, and patient-specific 

functioning were maintained at the level of 

POST (significant from PRE, p < 0.05) in both 

groups. HIT led to a greater conservation of 

lowered disability and improved exercise 

capacity when compared with MIT (p < 0.05). 

HIT leads to a greater maintenance of lowered 

disability and improved exercise capacity when 

compared to MIT six months after cessation of a 

12-week supervised exercise therapy 

intervention, in persons with CNSLBP.

Primary outcome

 - evaluate 

the long-term effectiveness of 

HIT on disability, pain 

intensity, patient-specific 

functioning, exercise capacity, 

and trunk muscle strength, and 

to compare the long-term 

effectiveness of HIT with 

MIT in persons with 

CNSLBP. Measured at 

baseline, at the end of the 

intervention, and six months 

after cessation of the 

intervention program.


