





	
     STUDENT FEEDBACK FORM



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.

	Generic Assessment Criteria 
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills
.
	10
	

	Evidence of your critical evaluation of research and other evidence relating to the condition and associated lifestyle behaviours.
Evidence of your understanding of assessment data and how this relates to norm data.
Reference to recognised recommendations for exercise prescription,

	
	

	
	
	

	2. Knowledge and Understanding Skills

	10
	

	
Theoretical understanding the condition and associated behaviours including any medication.
Theoretical explanations of how exercise may adapt the physiological, physical, cognitive, mental, social and or functional dimensions of health and wellbeing

	
	

	
	
	

	3. Cognitive and Intellectual Skills

	40
	

	
Ability to structure and format a report relevant to and for the client.
Understanding, synthesis and application of data that informs the report.
Development of an exercise programme
	
	

	
	
	

	4. Practical Application Skills

	30
	

	Managing and conducting assessments and training programme.
	
	

	
	
	

	5. Transferable Skills for Life and Professional Practice

	10
	

	
The presentation, structure and format of the report.



	
	

	
	
	



	Assessment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	%

	
	Up to 1 week late (40% Max)
	
	

	
	Over 1 week late (0%)
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The Role of Resistance Training in the Management of Non-Specific Low Back Pain

Abstract 
Intro: Low back pain is classified as localised pain below the costal margin and above the gluteal fold which may also present with muscle tension/ stiffness around the vertebral column and sciatic pain persisting for 12 weeks or more. Methods: A systematic search of databases for articles containing interventions and the use of RT in relation to LBP was conducted between 8th and the 15th of February 2022. Results: A total of 285 articles were returned from the database search, of which full text review reduced the number of eligible studies to 12 articles. All the included studies utilised RT as part of an intervention. Participants age groups in the included studies ranged from 18-65 years in total. Conclusion: A multimodal approach consisting of attention to (LBP), social interaction, adherence to a twice weekly high intensity resistance training exercise program may lead to improvements in LBP outcomes such as pain intensity, disability, patient-specific functioning, strength, abdominal fat, depressive symptoms, sickness absenteeism, recurrence rates, and greater maintenance and conservation of improvements after training ceases.
Introduction
It is classified by localised pain below the costal margin and above the gluteal fold which may also present with muscle tension/ stiffness around the vertebral column and sciatic pain (Holtvedt et al., 2020; Tataryn et al., 2021) When persisting for 12 weeks or more and has no clear cause the condition meets criteria for chronic non-specific LBP. Up to 85-90% of cases are classified as chronic and non-specific (Tataryn et al., 2021; Wewege et al., 2018). Chronic low back pain (LBP) is a condition affecting millions of people and is one of the top 10 causes of disability (Holtvedt et al., 2020). LBP is acknowledged as a multifactorial condition. It is suggested that deconditioning of posterior chain, lumbar spine, and core muscles (extensors, erector spinae, quadratus lumborum) are a general risk factor for LBP (Steele et al., 2017; Tataryn et al., 2021). Biopsychosocial factors, which included the physical, psychological, neurophysiological, social, and pathophysiological, are also considered contributors to LBP (Holtvedt et al., 2020). Some of these may present as anxiety, depression, catastrophizing, low pain self-efficacy, and low job satisfaction (Wewege et al., 2018). It is also suggested that people with LBP can have a reduction in dynamic spinal stability and loading of the lumbar spine due to maladaptive movement pattern and impaired control (Holtvedt et al., 2020). This may be due to an inactive modern lifestyle consisting of sitting for prolonged time at the office, home, or travel (car/bus/train). With such broad involvement from social and environmental conditions, other than injury, means that the cause of LBP can be difficult to diagnose effectively.  
LBP does not affect a specific population more so than another, only that it is more prevalent in adults over 40 years of age in both men and women with relative similarity and was found to make up 13% of sick leave lasting longer than 8 weeks (Holtvedt et al., 2020). This shows that most people, of any population, once they reach a certain age are at risk of suffering from LBP regardless of other factors. 
Exercise therapy is widely the most non-pharmacological treatment that demonstrated an effectiveness in reducing pain intensity and improving disability in LBP patients compared to non-exercises-based treatment in adult populations (Tataryn et al., 2021). What is still unclear is exactly what types of exercise training/ therapy are the most effective or the mostly likely mechanism to explain the improvements. 
As deconditioning is a risk factor, in particular reduced strength and endurance in lumbar extension including excessive fatigability and atrophy, exercise maybe the most effective intervention to rehabilitate these muscles and reduce LBP symptoms (Steele et al., 2017). The effects of RT in healthy populations to develop endurance, strength, and hypertrophy is well covered in the literature and as such the use of RT may be an effective modality for population suffering with LBP (Kristensen and Franklyn-Miller, 2011). However, as Wewege et al. (2018) reports, previous studies show that pain reduction is not clinically significant (< 2 on a pain scale) and suggests the use of other outcome measures to better inform efficacy of treatment, such as disability, psychological well-being, and quality of life.  
Understanding lower back pain and the role of resistance training in the management, treatment, and rehabilitation of this condition is importance to a person’s lively hood and quality of life. Therefore, the objective of this paper is to systematically review the role of resistance training in the management of non-specific low back pain.
Methods
Search strategies
A systematic search of databases for articles containing interventions and the use of RT in relation to LBP was conducted between 8th and the 15th of February 2022. Searched databases included Sport Discuss, Google Scholar, UWTSD database, and ProQuest Central. Databases were searched from 2017-2022 to analyse the most recent evidence. The search terms used were “resistance training”, “strength training”, and “back pain”. The first stage of the search included/excluded articles based on title/abstract, while the second stage included a more in-depth, full text review to determine the article met criteria for inclusion. 
Inclusion/exclusion Criteria
The author assessed eligibility of the studies based on inclusion criteria: included RT as an intervention measured against a control group; participant that suffered LBP; was experimental; published in English (unless translation was available in English; as no translator was available); was peer reviewed; outcome measure of pain, function, and quality of life. 
Results
Summary of Studies Included
A total of 285 articles were returned from the database search, of which 17 papers met initial inclusion criteria from title/abstract review. Further assessment of full text review reduced the number of eligible studies to 12 articles that were included in the systematic review. All the included studies utilised RT as part of an intervention. Interventions were mostly described as high intensity training which included resistance/strength training (HIT), resistance training, or general strength training. Control groups consisted of usual care, evidence-based advice, or moderate intensity training (MIT). Two of which measured musculature characteristics of the multifidus and erector spinae and cross-sectional area of lumbar extensors and fat fraction. Four included studies measured the effects of RT on pain intensity, pain recurrence, disability, function, and physical performance (exercise capacity and trunk strength). Of those four one included measures of quality of life, flexibility, and abdominal fat. Two included papers were feasibility trials; one of supervised and periodised RT for persistent LBP, the other study measured RT and conditioning versus manual therapy and motor control on improving depressive symptoms in patients with LBP. One study compared yoga, RT, and evidence-based advice on sickness absenteeism, sickness presenteeism, back and neck pain and disability. One study measured 1 year of intelligent physical exercise training (IPET=RT) on musculoskeletal health. One study compared the outcomes in multidisciplinary biopsychosocial rehabilitation (MBR) for LBP patients using progressive elastic resistance band (ERB) training versus general physical exercise. One study compared behavioural medical rehabilitation + behavioural exercise therapy (BMR + BET) versus behavioural medical rehabilitation + standard exercise therapy (BMR + SET). 
Participants age groups in the included studies ranged from 18-65 years in total. All participants were included if they had LBP regardless of gender which was not clearly recorded in all studies. The smallest study sample contained 14 participants while the largest contained 387 participants. Timeline duration for the included studies ranged from the shortest at 3 weeks with the longest up to 1 year. Two were conducted for 1 year, two for 16 weeks, three for 12 weeks, two for 8 weeks, one for 6 weeks, one for 27 days, and one for 3 weeks. 
Key Findings 
(Summary Table located in the Appendix)
Muscle Fibre Characteristics (MF/ES), Muscle Size and Fat Fraction (Lumbar extensors), MSK Health and Strength
Agten et al. (2021) showed that there were no significant changes in the erector spinae (ES) muscle fibre cross-sectional area (CSA), percentage, and relative CSA (RCSA) after 12 weeks of training in both groups (HIT and MIT). No significant changes were found in the muscle fibre type percentage in both groups. In the HIT group, type I muscle fibres showed a significant decrease in RCSA (p= 0.0252), while type II muscle fibres showed a significant increase in RCSA (p= 0.0269). There were no changes in the MIT group. Berry et al. (2019) reported finding no significant difference in muscle size or fatty infiltration in the lumbar extensors during the HIT RT rehabilitation program (p > 0.3). Patients reported a reduction in pain (p = 0.002) and increased strength (p = 0.03) at the end of the program. Improvements in pain, strength, disability, and anxiety/depression were correlated with improvements in muscle quality and size in both erector spinae and multifidus. The authors report that the preliminary finding suggests that some patient’s response to this intervention experience a more robust response. Clinically relevant MSK pain reductions in the TG/ TG >70% and the CG in all body areas (including low back) were reported by Dalager et al. (2017). The decrease in pain index pain was not statistically different between groups; TG (−8.0±13.8) vs CG (−5.5 ± 13.5), TG ≥ 70% (−8.4 ± 14.2) vs CG. Dalager et al. (2017) reported significant increases in strength after the one year of IPET (TG) among office workers compared to the control group. Oliveira et al. (2021) reported increases in abdominal strength and a decrease in abdominal fat rate in the resistance training group 1 using machines (RTG1) in comparison to RTG2 (without weights) and the control group (CG = guidance and pain relief). Verbrugghe et al. (2021) measured abdominal strength which did not improve compared to PRE in both groups (0.05 Nm/kg, 4% improvement in HIT; 0.03 Nm/kg, 2% improvement in MIT). Back muscle strength was also measures and remained significantly better compared to PRE in in MIT (0.34 Nm/kg, 13% improvement), but not in HIT (0.19 Nm/kg, 6% improvement).
Sickness Absenteeism/Presenteeism
Bramberg et al. (2017) results show an interaction effect between adherence to an intervention and sickness absenteeism. These results indicated a significantly larger effect among participants that adhered to the intervention: kundalini yoga versus evidence-based advice: RR = 0.47 (CI 0.30; 0.74, p = 0.001), strength training versus evidence-based advice: RR = 0. 60 (CI 0.38; 0.96, p = 0.032). The risk of SA at the follow-up was reduced by more than 50% for yoga and 40% for RT. 
Pain: Intensity, Recurrence, Related-Disability and Self-Efficacy
Agten et al. (2021) study results reported improvements in pain, disability and exercise capacity in both groups though results were greater in the HIT group compared to the MIT group. Unfortunately, the results of this part of the study were not recorded in the paper. From this we can concur that increasing strength of the muscles may lead to the aforementioned improvements in pain, disability, and capacity. Bramberg et al. (2017) observed a significant difference in LBP intensity reduction for RT compared with the control group (CG). Results from Calatayud et al. (2020) showed a pain recurrence rate of 8.3% in the RT intervention group while the control group showed a shorter time to first recurrence of LBP and 33.3% recurrence rate. This study also reported a reduction in pain sites, an increase in lumbar extensor strength, greater odds of reducing pain intensity (point estimate of 3.08; 95%CI 1.04–8.99; p < 0.0001) and disability (point estimate of 1.932; 95%CI 0.56–6.66; p < 0.0002) in the intervention group compared to the control group. Tjosvoll et al. (2020) reported clinically meaningful reductions in pain intensity measures after 8 and 16 weeks of RT in LBP patients. Using the numerical pain rating scale (0-10) the mean difference from baseline to 8 weeks was 2.6 (95% CI: 1.8–3.6) and from baseline to 16 weeks 3.4 (95% CI: 2.5–4.4). This study also reported improvements in pain-related disability (3.9, 95% CI: 2.3–5.5), pain self-efficacy (7.7, 95% CI: 5.4–10.1). Verbrugghe et al. (2021) reported the NPRS scores remained significantly lower to PRE in both groups (−3.3 points, 59% improvement in HIT; −2.7 points, 54% improvement in MIT). A significant decrease was also found from POST to FU in MIT, but not in HIT.
Quality of Life, Physical Function/ Flexibility/ Performance
Iverson et al. (2018) reported no significant difference in the groups from baseline to 12-week follow-up (mean difference: 1.6 [95% CI: −3.9, 7.0] P = .570). The Oswestry Disability Index (ODI) was used as a measure for the general physical exercise (GPE) group (control) and elastic resistance band (ERB) group. The GPEs group on the ODI, from baseline, mean: 30.4 [95% CI: 27.7, 33.0]), 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 ERB group ODI values were 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. For both groups, the improvements from baseline to 12-weeks were statistically significant. Iverson et al. (2018) the Patient-Specific Functioning Scale (PSFS) change in patients with LBP was significantly larger for the GPE group versus the ERB group (mean [95% CI): 1.4 (0.1, 2.7), P = .033). 
In Quality of Life (QOL) measured by Oliveira et al. (2021) there were no significant differences reported in all three groups (RTG1 = with weights, RTG2 = without weights, CG = guidance and pain relief). The same study showed significant improvements in function all groups with RTG2 showing the best evolution. RTG1 showed the best evolution for flexibility among the groups. 
Function in patients with LBP was also measured by Semrau et al. (2021). Results showed no differences between groups of standard exercise therapy (SET) vs behavioural exercise therapy (BET) of the behavioural medical rehabilitation (BMR) trial (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 improved in the primary outcomes. Verbrugghe et al. (2020), comparing four HIT groups (including RT), reported improvements within all groups after the HIT programs and ranged from −39 to −57% on the NPRS, +27 to +64% on the MODI, +38 to +89% on the PSFS, +7 to +14% on VO2max, and +11 to +18% on cycling time. No differences between HIT groups were found. Verbrugghe et al. (2021) reported results from baseline (PRE, directly after (POST), and six months follow up after program (FU) from an experimental HIT group (including RT) compared to a MIT group on long-term effects on LBP. At the follow-up (FU), disability and patient-functioning were maintained at the level of POST in both groups, which was significant from PRE, p, 0.05. HIT lead to greater conservation of exercise capacity (performance) and lowered disability. MODI outcomes remained significantly lower compared to PRE in both groups (−13.0 points, 62% improvement in HIT; −5.8 points, 36% improvement in MIT). No significant difference was found from POST to FU in either group. Compared to PRE in both groups, PSFS outcomes remained significantly higher (+26%, +57% improvement in HIT; +36%, +90% improvement in MIT). Compared to PRE in HIT, VO2 max remained significantly higher (3.1 mL/kg/min, 10% improvement), but not in MIT (no improvement at FU). 
Depressive Symptoms
The study by Teychenne et al. (2019) on the effects of general strength and conditioning (GSC) compared to motor control and manual therapy (MCMT), two common protocols for treating LBP, on depressive symptoms reported a small decrease in those symptoms over time (β -0.19 per fortnight, 95% CI = -0.34, -0.02). This was measured using the Centre for Epidemiological Studies Depression Scale (CES-D 10) with the mean score recorded at 9.17 (SD = 4.32) at baseline. For depressive symptoms (per fortnight), the MCMT group showed a slope of -0.19 (equal to -2.28 by the end of the 24-week trial), while the GSC group reported a slope of -0.10, 95% CI = -0.25, 0.04 (equal to -1.24 by the end of the 24-week trial). The between group difference = 0.09, 95% CI = -0.12, 0.30. 
Discussion
The primary aim of this review was to explore the role of resistance training in the management and treatment of non-specific chronic low back pain (LBP). As LBP is a very prevalent condition and affects many people, particularly 40 years and over, having a better understanding of this disabling condition and what to do to rehabilitate the patient. The results of this review show that high intensity resistance training has the most benefit to outcomes in persons with LBP. MIT programs did also improve the participants outcomes though not as much improvements as the HIT programs. These programs have reported patients experienced large improvements in muscle strength and reductions in pain. Other improvements have been reported in disability, anxiety, depression/ depressive symptoms, though as Berry et al. (2019) suggests, some patients may have a more robust response the interventions of the lumbar muscles. RT programs (with weights) reported here have also been shown to improve outcomes for function, flexibility, abdominal strength, and abdominal fat, while RT (without weights) also reported similar improvements except in reductions in abdominal fat (Oliveira et al., 2021). However, neither of the intervention groups showed a significant improvement in QOL. Teychenne et al. (2019) reported a reduction in depressive symptoms related to LBP in both groups. Though this could be due to associated chronic pain relief, as it is a determinant of depressive symptoms. Another explanation offered for the reduction is the ‘social interaction’ hypothesis suggesting mental health may be enhanced due to interaction with the physiologist/ physiotherapist. Not all interventions significantly reduce pain in sufferers of LBP (Wewege et al., 2018), though other measures may be a factor in a patient’s improvement. As reported by Dalager et al. (2017), within-group pain reductions were seen in both the training group and the control group. This is suggested to be merely a side effect of drawing attention to the issue. If this is indeed the case, then encouraging patients to explore their issue, LBP, may results in improvements. As many patients may work to ignore/ relieve their pain not confronting it could possibly be exacerbating LBP. 
RT programs were also shown to reduce primary care visits and recurrence rates of LBP to 8.3% while the control group had a 33.3% recurrence rate (Calatayud et al., 2020). The study by Bramberg et al. (2017) found that guided exercise forms such as yoga/ RT did not reduce sickness absenteeism over evidence-based advice along. Though, the secondary analysis revealed that those who pursued yoga/ RT at least twice a week showed a significant reduction in sickness absenteeism. Adherence to a program over time showed significant improvements and may be a deciding factor in rehabilitation of patients with LBP. High intensity training (including RT) has been shown to be an effective intervention to reduce physical performance and disease-related outcomes involved in the long term for patients with LBP (Verbrugghe et al., 2021). In this study, HIT RT was shown to significantly maintain a reduction in pain intensity, patient specific-function, and disability six months after the intervention. The HIT intervention led to a greater conservation and maintenance of the positive results then did MIT. 

Conclusions
In conclusion, research shows that showing attention to and social interaction (therapist/trainer) leads to improvements in LBP outcomes. Adherence to an exercise program twice a week significantly improves outcomes related to LBP. Additionally, engaging in RT training, preferably HIT over MIT, further improves outcomes in LBP. HIT RT also led to greater maintenance and conservation of improvements after training ceased. RT also reduced recurrence rates if LBP and sickness absenteeism due of LBP. Combining all of these into high intensity resistance training exercise program that consists of twice weekly sessions, with a therapist/coach/other for social interaction may lead to improvements in pain intensity, disability, patient-specific functioning, strength, abdominal fat, depressive symptoms, and sickness absenteeism.
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Appendix: 

	Summary Table of Results for The Role of Resistance Training in the Management of Lower Back Pain

	Reference
	Title
	Design
	Aims
	Participants
	Intervention
	Results
	Main Findings

	Agten et al., 2021
	High Intensity Training Increases Muscle Area Occupied by Type II Muscle Fibres of the Multifidus Muscle in Persons with Non-Specific Chronic Low Back Pain: A Pilot Trial
	Pilot Trial- The experimental group performed a HIT program, while the control group performed a moderate intensity training (MIT) program, comparable to usual care.
	The main aim of this study is to evaluate the effects of a high intensity training (HIT) program on muscle fibre 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.
	Subjects with NSCLBP, between 25–60 years of age and able to speak and understand Dutch, were included. In total, 38 participants with NSCLBP were randomly assigned to a HIT or MIT intervention group.
	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 [24]. This implies that rehabilitation of participants with NSCLBP would reduce pain and disability, with a greater effect for rehabilitation at higher intensity.

	Berry et al., 2019
	The Effect of High-Intensity Resistance Exercise on Lumbar Musculature In Patients With Low Back Pain: A Preliminary Study
	Preliminary Study
	The goal of this study was to assess the effect of high-intensity resistance exercise on lumbar extensor muscle size (cross sectional area) and quality (fat fraction) in individuals with low back pain (LBP).
	Fourteen patients with LBP were recruited from a local rehabilitation clinic. Patients underwent MRI scanning before and after a standardized 10-week high-intensity machine-based, resistance exercise program. Patient pain, disability, anxiety/depression, satisfaction, strength, and range of motion was compared pre- and post-rehabilitation using analysis of covariance (covariates: age, gender).
	10-week high-intensity machine-based, resistance exercise program. Participants were individually prescribed lumbar extension resistance exercises on the MedX machine based on a maximal voluntary contraction. Each patient was assigned to a single physical therapist who supervised all of their training sessions for the duration of the program. Treatment exercise doses were prescribed at 60–80% of that maximal effort for 15–20 repetitions. 
	No significant differences were found in muscle size or fatty infiltration of the lumbar extensors over the course of rehabilitation (p > 0.31). However, patients reported reduced pain (p = 0.002) and were stronger (p = 0.03) at the conclusion of the program. Improvements in muscle size and quality for both multifidus and erector spinae correlated with improvements in disability, anxiety/depression, and strength.
	In this study, we assessed mCSA and FF of the lumbar paraspinal muscles over the course of high-intensity resistance rehabilitation in patients with LBP. Although only slight group wide changes in average muscle size or fatty infiltration were observed, overall patients experienced large improvements in pain and strength. Improvements in disability, anxiety/depression, and strength were found to correlate with increased minimal clinically important difference (mCSA) and decreased FF, which suggests that high-intensity, resistance exercise elicits a physiologic response in the lumbar muscles of a subgroup patients with LBP. These preliminary findings may suggest that there are some patients who experience a more robust response to this intervention strategy, although the sample size of this study precludes this conclusion.

	Bramberg et al., 2017
	Effects Of Yoga, Strength Training and Advice on Back Pain: A Randomized Controlled Trial
	RCT, employing a 3 × 4 repeated-measures design with three groups and four assessment periods (pre-intervention, 6 weeks, 6- month and 12-month follow-up). This study focuses on baseline, 6-month and 12-month follow-up. The three groups were kundalini yoga, strength training and a minimal-intervention (advice only) control group (CG).
	The aim was to evaluate the effects of an early intervention of yoga - compared with strength training or evidence-based advice - on sickness absenteeism, sickness presenteeism, back and neck pain and disability among a working population.
	Inclusion: non-disabling, non-specific LBP, with or without neck pain, 18-60 years of age and proficient in Swedish, 159 participants. 
Exclusion: Spinal pathology, ongoing sick-listings >8 weeks, comorbidities, existing yoga, strength training, and pregnancy.
	Control- received ‘The Back Book’ and evidence-based recommendations by orthopaedic specialist. Kundalini yoga- a standardised program adapted for back pain was used for 6 weeks, twice a week for 60 minutes each session, by an experienced yoga instructor. Strength training-focused on strengthening, endurance and stability of core and body awareness, for 6 weeks with 5 supervised strength training sessions of 60 minutes, by an experienced physiotherapist. Individually tailored program using machine, hand weights and exercise ball, and with home practice.
	The results did not indicate that kundalini yoga and strength training had any statistically significant effects on the primary outcome compared with evidence-based advice. An interaction effect was found between adherence to recommendations and sickness absenteeism, indicating larger significant effects among the adherers to kundalini yoga versus evidence-based advice: RR = 0.47 (CI 0.30; 0.74, p = 0.001), strength training versus evidence-based advice: RR = 0. 60 (CI 0.38; 0.96, p = 0.032). 
A significant difference in reduced back pain intensity was observed for strength training compared with the CG. For the primary outcome the risk of SA during follow-up was reduced by more than 50% for yoga (parenthesized confidence intervals): RR = 0.47 (0.2; 0.7; p = 0.001) and 40% for strength training: RR = 0.60 (0.3; 0.1; p = 0.032) compared to the CG. No significant differences in SA were found when yoga was compared to strength training.
	Guided exercise in the forms of kundalini yoga or strength training does not reduce sickness absenteeism more than evidence-based advice alone. However, secondary analyses reveal that among those who pursue kundalini yoga or strength training at least two times a week, a significantly reduction in sickness absenteeism was found. Methods to increase adherence to treatment recommendations should be further developed and applied in exercise interventions.

	Calatayud et al., 2020
	Effectiveness of a Group-Based Progressive Strength Training in Primary Care to Improve the Recurrence of Low Back Pain Exacerbations and Function: A Randomised Trial
	Randomised Trial
	The objective was to evaluate the effectiveness of a group-based progressive strength training program in non-specific chronic LBP (CLBP) patients in primary care on pain recurrence and physical function.
	Eighty-five patients with non-specific CLBP were separated into two groups (Intervention group: completed a progressive strength training program 3 days per week for 8 weeks; Control group: received the usual care).  The control group (n = 43) had a mean age of 50 ± 12 years, a height of 165 ± 7 cm, and a weight of 72 ± 14 kg. The intervention group (n = 42) had a mean age of 52 ± 11 years, a height of 164 ± 10 cm, and a weight of 76 ± 19 kg.
	(Intervention group: completed a progressive strength training program 3 days per week for 8 weeks; Control group: received the usual care).
	The intervention group showed a recurrence rate of 8.3%, while the control group had a recurrence rate of 33.3% and a shorter time until the first recurrent episode, 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.
The intervention group had increased lumbar extensor strength, left-hand handgrip strength, and a reduced number of pain sites compared with the control group. Odds ratio estimates results showed greater odds for reducing LBP intensity (point estimate of 3.08; 95%CI 1.04–8.99; p < 0.0001) and disability (point estimate of 1.932; 95%CI 0.56–6.66; p < 0.0002) in the intervention group. Minimal clinically important differences were as follows: Isometric lumbar extension = 5.71; LBP intensity = 0.42; Number of pain sites = 0.48; Analgesics = 0.53; Handgrip strength left hand = 2.13; Handgrip strength right hand = 2.09; Disability = 1.08. All between-group differences were clinically important, except for Analgesics and Handgrip strength right hand.
	A group-based progressive strength training program can be applied in populations with low back pain with the aim to improve physical function and reduces recurrence and primary care visits more than the most frequently used primary care programs. Importantly, our program can easily be implemented in primary health care at a low cost and with minimum supervision for a group of patients.

	Dalager et al., 2017
	Intelligent Physical Exercise Training in a Workplace Setting Improves Muscle Strength and Musculoskeletal Pain: A Randomized Controlled Trial
	RCT; secondary analysis of a randomized single-blinded parallel controlled trial;
Office workers were randomized 1 : 1 to a training group, TG (𝑁 = 193), or a control group, CG (𝑁 = 194). TG received 1 h supervised high intensity IPET every week within working hours for 1 year and was recommended to perform 30 min of moderate intensity physical activity for 6 days a week during leisure. The IPET program was based on baseline health measures.
	To assess effects of 1-year Intelligent Physical Exercise Training (IPET) on musculoskeletal health.
	Office workers who worked ≥25 h per week within an office environment were eligible. Exclusion criteria were (a) cardiovascular disease, chest pain during physical exercise, myocardial infarction (lifetime history), stroke, severe musculoskeletal disorders, symptomatic herniated disc, and other severe disorders of the spine, postoperative conditions, or lifetime history of severe trauma and (b) pregnancy. Exclusion was based on questionnaire replies and baseline health check. a total of 387 participants were randomized to either TG (𝑛 = 193) or CG (𝑛 = 194).
	One year intervention. The participants in CG received no work-place physical exercise training or other information regarding recommended leisure time physical activity but were encouraged to maintain their lifestyle as usual. Each participant in TG received an individually tailored exercise training program based on outcome measures of the baseline health check and questionnaire data. Participants performed 3 sets of 8 repetitions with an intensity of 60–80% of one repetition maximum, though for neck and shoulder exercises intensity was to pain limits or as heavy as possible with proper technical execution.
	No baseline differences were present. An intention-to-treat analysis showed significant between-group effect for muscle strength but not for musculoskeletal pain. However, a per-protocol analysis of those with an adherence of ≥70% demonstrated a significant between-group effect for neck pain during the past three months. Several significant within-group changes were present, where TG and TG ≥ 70% demonstrated clinically relevant pain reductions whereas minimal reductions were seen for CG.
TG significantly increased muscle strength except for right arm abduction strength and decreased musculoskeletal pain in all body regions.  The pain index change in TG (−8.0±13.8) was not statistically significantly different from that in CG (−5.5 ± 13.5), and likewise there was no difference between TG ≥ 70% (−8.4 ± 14.2) and CG.
	IPET and recommendations of moderate intensity physical activity demonstrated significant between-group effect on muscle strength. Interestingly, significant within-group reductions in musculoskeletal pain were seen not only in TG but also in CG. This may underlie the lack of such between-group effect and shows that a possible positive side effect of merely drawing attention can improve musculoskeletal health.

	Iversen et al., 2018
	Resistance Band Training or General Exercise in Multidisciplinary Rehabilitation of Low Back Pain? A Randomized Trial
	RCT; Single blinded (researchers). 
	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).
	99 consenting adults with moderate-to-severe non-specific LBP were randomized to three weeks of multidisciplinary biopsychosocial rehabilitation with either general physical exercise or progressive resistance band training and were then instructed to continue with their respective home-based programs for nine additional weeks, in which three booster sessions were offered.
	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.16 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.16 All exercises were performed with Theraband® Elastic resistance bands (Performance Health, Akron, OH, USA).

	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 followup 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.  The change for the PSFS was significantly larger for the GPE group compared to the ERB group (mean [95% CI): 1.4 (0.1, 2.7), P = .033). There were no other significant differences between groups in changes from baseline to 3- or 12-week follow-up.
	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.

	Oliveira et al., 2021
	Treatment Of Non-Specific Chronic Low Back Pain: Resistance Training With Or Without Using Weights?
	Randomised Trial- comparative prospective study
	To analyse and compare the impact on quality of life, function, flexibility, abdominal strength and abdominal fat rate in patients with non-specific chronic low back pain after a program of resistance training using two different forms of exercise.
	Thirty individuals, aged between 18 and 65 years, participated in the study. 
	Twenty performed physical training program twice a week for eight weeks, and ten did not perform any physical exercises, but received guidance and pain relief. The physically active individuals were randomly divided in two groups and received similar resistance training, focusing on the same muscle groups. Ten performed training with dumbbells and bodybuilding machines (RTG1) and ten did not use this equipment (RTG2). All were assessed before and after the intervention, through questionnaires on quality of life and function, and tests for flexibility, abdominal strength and measurement of the abdominal fat rate. 
	In the intra-group comparison (initial vs eight weeks), there were no significant differences in quality of life in any of the groups. However, regarding function, the three groups showed significant improvement, with RTG2 showing the best evolution. For flexibility and abdominal strength gain, RTG1 showed the best evolution in both instruments. For decrease in abdominal fat rate, only RTG1 showed significant differences. In the intergroup comparison, there were no significant differences for any of the evaluated outcomes.
	The two exercise programs were effective in improving function, flexibility and abdominal strength in patients with chronic, non-specific low back pain. However, there were no statistically significant differences in any of the outcomes in the comparison between groups. The exercise program, carried out over an eight-week period, both with resistance training with weights, and with resistance training without weights, was effective in improving abdominal function, flexibility and strength in patients with non-specific chronic low back pain. There was no statistically significant improvement in life quality in any of the groups evaluated. Only the group that performed resistance training with weights showed a significant decrease in abdominal fat rate.

	Semrau et al., 2021
	Effects Of Behavioural Exercise Therapy on The Effectiveness of Multidisciplinary Rehabilitation For Chronic Non-Specific Low Back Pain: A Randomised Controlled Trial
	RCT - adults with CLBP in two rehabilitation centres were online randomised based on an ‘urn randomisation’ algorithm.
	The aim 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).
	A total of 351 adults with CLBP in two rehabilitation centres were online randomised based on an ‘urn randomisation’ algorithm to either BMR + SET (n = 175) or BMR + BET (n = 176). Participants in both study groups were non-blinded and received BMR, consisting of a multidisciplinary admission, a psychosocial assessment, multidisciplinary case management, psychological treatment, health education and social counselling. The intervention group (BMR + BET) received a manualised, biopsychosocial BET within BMR. The aim of BET was to develop self-management strategies in coping with CLBP. The control group (BMR + SET) received biomedical SET within BMR with the aim to improve mainly physical fitness.
	Participants in both study groups were non-blinded and received BMR, consisting of an multidisciplinary admission, a psychosocial assessment, multidisciplinary case management, psychological treatment, health education and social counselling. The intervention group (BMR + BET) received a manualised, biopsychosocial BET within BMR. The aim of BET was to develop self-management strategies in coping with CLBP. The control group (BMR + SET) received biomedical SET within BMR with the aim to improve mainly physical fitness. Therapists in both study groups were not blinded. The BMR lasted on average 27 days, and both exercise programmes had a mean duration of 26 h.
	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.
	BMR + BET was not more effective in improving function and other secondary outcomes in individuals with CLBP compared to BMR + SET. SET+BMR and BET+BMR do not differ in terms of their effectiveness in improving function or other secondary outcomes. Therefore, a SET with a biomedical approach, when embedded into a complex BMR, is equally effective compared to BMR with a biopsychosocial orientated BET. However, within 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.

	Teychenne et al., 2019
	General Strength and Conditioning Versus Motor Control With Manual Therapy For Improving Depressive Symptoms In Chronic Low Back Pain: A Randomised Feasibility Trial
	Randomised Feasibility Trial
	The aim of this study was to 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.
	Forty men and women (mean age = 35) experiencing chronic persistent (>3 months), nonspecific low back pain were recruited into a randomised clinical trial during 2015–2016. Participants were randomised to receive motor control (low-dose exercise) and manual therapy (n = 20), or general strength and conditioning training (moderate-dose exercise) (n = 20). Depressive symptoms were assessed fortnightly throughout a 6-month follow-up period using the Centre for Epidemiologic Studies Depression Scale (CES-D 10).
	1 year study. 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. 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.   The MCMT group (reference) demonstrated a slope of -0.19 (equating to -2.28 by the end of the trial (24 weeks)), while the GSC group demonstrated a slope of -0.10, 95% CI = -0.25, 0.04 (equating to -1.24 by the end of the trial) for depressive symptoms (per fortnight) (between-group difference = 0.09, 95% CI = -0.12, 0.30).
	Exercise has been hypothesised to improve mental health through various potential biological mechanisms including altering neurotransmitters (e.g. serotonin receptors (5-HT)), hormones (e.g. norepinephrine (NE)), and proteins in the brain, (e.g. brain-derived neurotrophic factor (BDNF)) [30, 31], as well as reducing pro-inflammatory cytokine levels [32], which influence the 5-HT system [33]. 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 (i.e. with the exercise physiologist or physiotherapist). Alternatively, both treatments were aimed to reduce pain and given that chronic pain is a key determinant of depressive symptoms [6], it could be that the reduction in depressive symptoms was a result of associated pain relief. However, mediating analyses using larger samples are needed to test these hypotheses. Reduction in depressive symptoms amongst adults with CLBP occurred with both treatment methods (motor control [low-dose exercise] and manual therapy; or general strength and conditioning [moderate-dose exercise]).

	Tjosvoll et al., 2020
	Periodized Resistance Training For Persistent Non-Specific Low Back Pain: A Mixed Methods Feasibility Study
	Mixed Method Feasibility Study
	We investigated the feasibility of a 16-week supervised heavy resistance training program with weekly undulating periodization for individuals with persistent non-specific low-back pain (LBP).
	Twenty-five adults with persistent non-specific LBP participated in this mixed methods feasibility study.
	The 25 participants were divided into 6 training groups of 3–5 participants. Each group trained two times per week with each session lasting about 1.5 h. A physical therapist with experience from powerlifting was present at each session to supervise the participants. Participants trained a whole-body program consisting of squat, bench press, deadlift and pendlay row two times per week for 16 weeks.
	We observed clinically meaningful 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 (95% CI: 1.8–3.6) and from baseline to 16 weeks 3.4 (95% CI: 2.5–4.4). In addition, there were 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 challenges 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 changes in views on physical activity.
	In this study, we investigated the feasibility of 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. We observed clinically meaningful reductions in LBP, and improvements in pain-related disability, pain self-efficacy and muscular strength. The importance of familiarization, regular and competent supervision, and periodization was highlighted as key features of the program by the participants. Only a few minor negative events occurred. Thus, the resistance training program presented in our study appears to be a feasible training method for men and women with persistent non-specific LBP. These positive indications should be investigated further in a RCT.

	Verbrugghe et al., 2020
	High Intensity Training to Treat Chronic Nonspecific Low Back Pain: Effectiveness of Various Exercise Modes
	Randomised Comparative Trial
	Therefore, this study evaluated the effectiveness of various HIT exercise modes and compared differences between these modes, on pain intensity, disability, and physical performance, as a therapeutic intervention for persons with CNSLBP.
	Eighty participants (mean age: 44.0 y, 34 males) were included. Persons with CNSLBP in the area of Limburg (Belgium) were recruited through local advertisements. To be eligible, persons had to speak Dutch, be 25–60 years old, and have CNSLBP.
	a 12-week program, persons with CNSLBP were divided into four HIT groups, i.e., cardiorespiratory interval training coupled with either general resistance training, core strength training, combined general resistance and core strength training, or mobility exercises. Before and after the program, the Numeric Pain Rating Scale (NPRS), Modified Oswestry Disability Index (MODI), and Patient Specific Functioning Scale (PSFS) were recorded, and a cardiopulmonary exercise test (VO2max, cycling time) and isometric trunk strength test (maximum muscle torque) were performed.
	Eighty participants (mean age: 44.0 y, 34 males) were included. Improvements were found within all groups after the HIT programs and ranged from −39 to −57% on the NPRS, +27 to +64% on the MODI, +38 to +89% on the PSFS, +7 to +14% on VO2max, and +11 to +18% on cycling time. No differences between groups were found.
	All four HIT groups in this study displayed considerable clinically relevant improvements. As such, cardiorespiratory high-intensity interval training effectively improves CNSLBP rehabilitation irrespective of the addition of another HIT exercise mode or a mobility protocol. When setting up exercise therapy programs in CNSLBP rehabilitation, this HIT modality can be combined with other frequently used therapy modes; however, no differences in effectiveness should thereby be expected. These outcomes show a promising value of exercise therapy at high-intensity in CNSLBP rehabilitation.

	Verbrugghe et al., 2021
	High Intensity Training Is an Effective Modality to Improve Long-Term Disability and Exercise Capacity in Chronic Nonspecific Low Back Pain: A Randomized Controlled Trial
	RCT
	This study aimed to 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.
	Persons with CNSLBP (n = 35) who participated in a randomized controlled trial comparing effects of an HIT versus MIT intervention (24 sessions/12 weeks) were included for evaluation at baseline (PRE), directly after (POST), and six months after program finalization (FU) on disability, pain intensity, exercise capacity, patient-specific functioning, and trunk muscle strength. Ultimately, twenty-nine participants (mean age = 44.1 year) were analysed (HIT:16; MIT:13). Six participants were lost to follow-up.
	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).
	A general linear model was used to evaluate PRE-FU and POST-FU deltas of these outcome measures in each group (time effects) and differences between HIT and MIT (interaction effects). 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).
	High intensity training is an effective therapy modality to decrease disease-specific and physical performance related outcomes in the long term in CNSLBP. Moreover, at 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 is 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 (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 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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