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Effects of a six-week exercise intervention on function, pain and 
lumbar multifidus muscle cross-sectional area in chronic low back 
pain: A proof-of-concept study 

Abstract  

Introduction : Exercise with the Functional Re-adaptive Exercise Device (FRED) has 

previously been shown to activate the lumbar multifidus (LM) and transversus abdominis 

(TrA) muscles in non-symptomatic volunteers. This study aimed to determine the effects of a 

six-week FRED exercise intervention on pain intensity, patient-reported function and LM 

cross sectional area (CSA) in people with chronic non-specific low back pain (LBP).  

Methods : Thirteen participants undertook six weeks of FRED exercise for up to 15 minutes, 

three times per week.  At six weeks pre-, immediately pre-, immediately post-, and six and 

15 weeks post-intervention, participants completed the Numeric Pain Rating Scale, Patient-

Specific Functional Scale, and ultrasound imaging was used to assess the size of the LM 

muscles at L5 level. Changes in outcomes were assessed using effect size, confidence 

intervals and minimum clinically important difference (MCID). 

Results:  There was no improvement in pain intensity following the intervention.  Patient-

reported function improved by at least twice the MCID for all follow-up assessments 

compared to immediately pre-intervention (d = 4.20-6.58). Lumbar multifidus CSA showed a 

large effect size increase from immediately pre-intervention to immediately post-intervention 

(d=0.8-1.1); this was maintained at six weeks post-intervention (not measured at 15 weeks 

post-intervention).  

Conclusion : Six weeks of FRED exercise improved physical function in all 13 participants 

with chronic non-specific LBP who took part in this study and most participants' lumbar 

multifidus muscle CSA. On this basis, it may be an effective intervention for people with 

chronic LBP and should now be tested in a randomised controlled trial.    
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INTRODUCTION AND BACKGROUND 

 

Low back pain (LBP) is a serious drain on health resources worldwide (Hoy et al., 2012; 

Kaplan et al., 2013) and involves a complex interplay of biomechanical, physiological and 

psychosocial factors. Chronic LBP not only makes an important contribution to these figures, 

it results in considerable limitations for those affected and their families. People with chronic 

LBP identified that it impacted on their ability to engage in physical activities, family life, and 

social and re-creational activities  (Turk et al., 2008).  

 

Exercise is widely recognised as an effective treatment for chronic LBP (Airaksinen, Brox, 

Cedraschi, & et al., 2006; Ferreira, Ferreira, Maher, & et al., 2006; Koes, van Tulder, Lin, & 

et al., 2010), but the form of exercise used varies greatly. The Motor Control Training (MCT) 

approach is an evidence-based approach to treating LBP (Macedo, Maher, Latimer, & 

McAuley, 2009; Saragiotto et al., 2016). MCT aims to identify the features of motor control of 

the lumbopelvic region, including muscle activation (including the the deep abdominal and 

paraspinal muscles), posture and movement that are considered to suboptimally load the 

spine and contribute to ongoing nociceptive input, which may be relevant for ongoing pain in 

many but not all individuals with LBP (Hodges et al., 2013; Hodges, 2019). Training involves 

modification of the indentified features and progression into fully integrated functional 

movement (Hodges et al., 2013).  

 

A muscle that is frequently considered in this context is the lumbar multifidus (LM). This 

attention is based on the link between atrophy (e.g. Hodges & Moseley, 2003; Hodges, 

Holm, Hansson, & Holm, 2006) and dysfunction (e.g. MacDonald, Moseley, & Hodges, 2009; 
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Tsao, Druitt, Schollum, & Hodges, 2010; Wallwork, Stanton, Freke, & Hides, 2009) of this 

muscle and LBP. These structural and functional changes in LM muscle are argued to be 

relevant for many with LBP because of the role of this muscle in inter-vertrebral segmental 

control (Hodges & Moseley, 2003; MacDonald, Moseley, & Hodges, 2006), control of the 

lumbar lordosis (Claus, Hides, Moseley, & Hodges, 2009; Moseley, Hodges, & Gandevia, 

2002), and proprioception (Brumagne, Lysens, Swinnen, & Verschueren, 1999; Brumagne, 

Janssens, Claeys, & Pijnnburg, 2013; Claeys, Brumagne, Dankaerts, Kiers, & Janssens, 

2011). In functions that require ongoing postural support, it would be expected that the LM 

would be active in a tonic rather than phasic manner (Dickx et al., 2010; Jull & Richardson, 

2000; MacDonald et al., 2006). For these reasons, in many exercise-based approaches, 

including MCT, restoring LM function and muscle mass is considered to be key targets for 

rehabilitation of many people with LBP. However, many physiotherapists observe that their 

patients have difficulty recruiting LM voluntarily without biofeedback using ultrasound 

imaging (Whittaker, 2007). This presents a challenge in clinical practice.  

 

A novel exercise device involves a cyclical 'walking-type' movement in an upright standing 

position and without the use of upper limbs for support.  Users work against virtually no 

external resistance which means that they have to actively control the descent of the front 

leg and the elevation of the rear leg throughout each movement cycle while maintaining an 

upright standing position on an unstable base of support. When using the Functional Re-

adaptive Exercise Device (FRED) (Figure 1), the LM muscle is activated with greater 

magnitude (as apparent from ultrasound imaging) than during a range of test conditions, 

including standing on level ground and on an unstable base of support, and a voluntary 

contraction of the LM muscle in non-symptomatic volunteers (Debuse, Birch, St Clair 

Gibson, & Caplan, 2013). A single session of exercise on the FRED also induces a lumbar 

lordosis angle  that O’Sullivan et al., (2006) and Roussouly, Gollogly, Berthonnaud and 

Dimnet (2005) argued is favourable for the activation of LM (Winnard, Debuse, Wilkinson, 
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Tahmosybayat, & Caplan, 2017).  And it activates the lumbo-pelvic muscles in a more tonic 

manner than during walking on a treadmill (Caplan, Gibbon, Hibbs, Evetts, & Debuse, 2014; 

Weber et al., 2017). As these findings indicate that FRED exercise activates the LM muscle 

in several of its 'functions',  FRED exercise may be useful in the rehabilitation of people with 

LBP (Caplan et al., 2014).  

The effects of FRED exercise as an intervention in a symptomatic population have not been 

investigated. The aims of this proof-of-concept study were first, to examine the effects of a 

six-week FRED exercise intervention on pain and function in a group of individuals with 

chronic non-specific LBP, and second, to investigate the impact of the intervention on the 

muscular impairment that the intervention is purported to address, that is, LM muscle cross 

sectional area (CSA).  

 

 

Figure 1: The Functional Re -
adaptive Exercise Device 
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METHODS 

 

Sampling and recruitment 

Participants were recruited from the lead (academic) institution’s staff and research student 

population, and their families and friends via emails, posters and at a “fitness at work” event 

at which potential participants had the opportunity to exercise on the FRED. Those who met 

the inclusion/exclusion criteria (Table 1) were invited for an initial physiotherapy screening 

assessment (Figure 2). Data collection took place in the Movement Laboratory of the lead 

institution. 

 

Initial screening was performed by a Chartered Physiotherapist with considerable experience 

in the examination and management of patients with chronic LBP (DD). The purpose was to 

screen out potential candidates with suspected serious pathologies who would have to be 

referred on for further investigations and to identify participants with chronic non-specific 

LBP.  As LM atrophy (Wallwork et al., 2009; Fortyn & Macedo, 2013; Hides, Stanton, 

McMahon, Sims, & Richardson, 2008) and dysfunction (Hides, Stanton, Mendis, & Sexton, 

2011; Wallwork et al., 2009) have been identified frequently in LBP, and was a major target 

for the FRED intervention, LM muscle dysfunction was assessed via palpation of the muscle 

during a voluntary contraction, using the “LM swelling technique” described by Hides, 

Richardson and Hodges (1989, p. 194-197).” In this proof-of-concept study we elected to 

only include participants who had difficulty activating the muscle voluntarily as clinical 

evidence of dysfunction of this muscle. This was undertaken as our interest was to first 

evaluate whether the intervention would be successful in the subset of individuals who had a 

presumed dysfunction of the muscle. 
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Potential participants were also screened to ensure they were able to exercise safely on the 

FRED in standing without holding on to the frame and without risk of losing balance. A 

sample of 14 (7 female, 7 male) participants with chronic LBP was recruited to this study. An 

overview of their characteristics is presented in Table 2. 

 

Inclusion criteria: Exclusion criteria: 

• 12 weeks or longer history of LBP  
• Age 18-65 years 
• Difficulty activating the LM muscle as clinical 

evidence of dysfunction of this muscle 
• Minimum pain level of 4 out of 10 on the 

Numerical Pain Rating Scale (NPRS) 
• Sufficient balance to exercise safely on the 

FRED (i.e. without holding on to the frame 
during exercise) 

• Willingness to take part in the study for its full 
duration 

• Presence of “red flags” – indicative of the 
possibility of a serious pathology that would 
require further investigation 

• Score of >15 on FABQ indicating a likely poor 
response to a solely physical approach to LBP  

• Exercise contraindicated as per Physical Activity 
Readiness Questionnaire 

• Pregnancy 
• Other pain unrelated to LBP that may affect FRED 

exercise performance or engagement 
• Surgery to the torso or lower limbs within the 

previous nine months 
• Difficulty to exercise safely in standing for 20 mins 

3x/week 
• Major cardiovascular/respiratory disease 
• Neurological disorders 
• BMI >30 (excess adipose tissue impairs clarity of 

US imaging of the LM muscle) 

 
Table 1: Inclusion/Exclusion Criteria 
 

 

 

 

Figure 2: Participant recruitment/screening 

Returned initial 
screening email

N=27

Physio screening 
assessment

N=19

Participants 
starting the study 

N=14

Excluded N=8 :
High FABQ score N=4
Cardiac problems N=2
Non LBP-related Bone or 
joint problems N=1
Unable to attend screening 
assessment N=1

Excluded N=5 :
BMI > 30 N=2
Did not attend N=2
Unable to commit to 
study N=1
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Participant 
Number 

Age Height Body 
weight 

BMI Duration of 
symptoms 

(years) 

 Location 
of LBP 

Leg 
pain 

1 41 1.69 86 30 28 central no 

2 33 1.84 77 22.7 5 central no 

3 35 1.71 55 18.8 3 Right no 

4 56 1.73 81 27.1 14 central no 

5 59 1.81 95 29 1 central left  

6 55 1.71 65 22.2 0.5 central no 

7 53 1.67 60 21.5 17 central no 

8 51 1.93 96 25.8 19 central right 

9 43 1.73 79 26.4  0.75 central no 

11 53 1.67 77 27.6 35 central no 

12 53 1.59 67 26.5 40 central no 

13 29 1.70 61 21.1 5 Left no 

14 38 1.80 75 23.1 15 Right no 

mean  ±  
SD 46 ± 9 

years 
1.73 ± 
0.08 m 

75 ± 12 
kg 

22.9 ± 3.6 
kg.m 2 

14 ± 13 
years  

 

range 29-59 
years 

1.59-
1.93m 

55-96kg 18.8-30 0.5-40 years 
  

 

Table 2: Participant characteristics (Participant 10 withdrew prior to data collection) 

 

The study received ethical approval from the Institutional Review Board and the European 

Space Agency Medical Board, and complied with the Declaration of Helsinki. All participants 

gave their written informed consent to take part. The study was registered with 

ClinicalTrials.gov, number NCT03062293.  
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Study design 

The study was a non-randomised, non-controlled, single-blind proof-of-concept study and 

used a repeated measures design. Change in all participants was assessed at the same 

time points over a period of time, and all particpants underwent the same intervention. The 

stability of participants' presentation was assessed at baseline with two assessments 

performed 6 weeks apart prior to commencement of the intervention. The study was 

conducted over 29 weeks, with intervention provided over six weeks (Figure 3). This study 

design enabled examination of any potential changes in measures during periods without the 

intervention (both before and after the intervention period), and observation of the longer-

term effects of the intervention.  

 
 

 
 
Figure 3: The study time-course (A = assessment) 

 
 

Throughout all periods of the study, participants continued with all their usual activities 

including hobbies and sports, medication, and work.  This made the study 'real life' in that 

participants did not need to change any of their normal behaviours for the study, other than 

having to make time to attend the exercise sessions three times per week during the 

intervention period. 

 

Assessment 

Assessments of outcomes were made at multiple time points (Figure 3) using the following 

outcome measures: the 11-point Numeric Pain Rating Scale (NPRS) of average pain over 

Control period         

6 wks

Intervention period 

6 wks

Initial follow-up 

period  6 wks

Longer-term follow-up 

period  9 wks

A
1

A
2

A
3

A
4

A
5
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the past week, anchored with “no pain” at 0 and “worst pain imaginable” at 10 (Farrar, 

Young, LaMoreaux, Werth, & Poole, 2001), the Patient-Specific Functional Scale (PSFS) 

(Abbott & Schmitt, 2014; Horn et al., 2012; Barten, Pisters, Huisman, Takken, & Veenhof, 

2012) and CSA of the LM muscle assessed with ultrasound imaging (Hides et al., 2008). 

NPRS, PSFS and LM CSA were assessed at Assessments 1-4. At Assessment 5, only 

PSFS and NPRS data were collected.   

 

The PSFS provides an individualised assessment of patient’s perceived functional capacity 

and is a commonly used outcome in studies of musculoskeletal pain (e.g. Sterling et al.,  

2007). Participants self-identified functional activities which they found difficult or impossible 

to do at the point of assessment. A score of 0 represented an inability to complete the task 

for a defined period, for example ‘standing for 20 minutes pain free’, and a score of 10 

represented being able to complete the task as if the participant had no limitation. The same 

tasks nominated in the initial assessment were used in the follow-up assessments. For 

analysis, activities were grouped into “standing”, “sitting”, “bending/twisting”, or “physically 

demanding” activities.   

 

As a major goal of FRED exercise is to improve muscular control of the spine, measurement 

of assessment of LM CSA was included to evaluate whether the dosage of FRED 

programme investigated here was sufficient to change this aspect of LM structure. 

Ultrasound images of LM muscle CSA were collected using an Esaote Tecnos MP T7500 

(Italy) ultrasound machine with a 5-7 MHz curvilinear transducer, set to 7 MHz for all images. 

Ultrasound imaging was conducted by a single researcher (KL) who had received research-

specific training on lumbo-pelvic imaging techniques. Intra-rater ICC3,1 scores for this 

researcher were good (0.845). The LM muscle was imaged bilaterally in cross-section at the 

level of L5 with participants lying at rest in prone (Stokes, Rankin, & Newham, 2005) with 

their legs straight (with a pillow under their ankles for comfort) and their arms by their side. 

Excessive lumbar curvature was reduced using a pillow under the participant's stomach. 
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Lumbar lordosis was eyeballed by the Chartered Physiotherapist taking the ultrasound 

images. Participant comfort was also taken into account. 

At least three images on each side were recorded at end-exhalation (Teyhen & 

Koppenhaver, 2011).   

 

 

Intervention 

This was the first study to use FRED exercise as an intervention in a symptomatic 

population. In the absence of previous published data to determine dosage, the selected 

dosage was selected to challenge participants but enable them to maintain quality 

performance of the task. FRED exercise involves real-time feedback of variability of 

movement of foot plates of the FRED (Winnard, Debuse, Wilkinson, Tahmosybayat, et al., 

2017). Our preliminary experience with the device indicated that 15 minutes of training, 3 

times per week, would be achievable by most participants and this was selected as the 

dosage used in this study to standardise the exercise exposure. Participants’ exercise took 

place in the university movement laboratory which participants knew from data collection and 

was supervised by a Chartered Physiotherapist (KL). Participants were encouraged to 

exercise at a slow steady pace and to focus on maintaining an even speed of movement 

throughout each cycle of movement. To optimise exercise performance, real-time visual 

feedback of variability of the foot plate movement was provided on a screen at participants' 

eye level. Participants were coached to ensure they did not exercise beyond their individual 

point of tiring and to ensure good exercise technique as determined by low variability of 

(footplate movement) speed throughout each cycle of movement. They all started at the 

smallest amplitude (0.2m) and were progressed to a larger FRED amplitude setting to 

increase demand (Winnard, Debuse, Wilkinson, Samson, et al., 2017) once they achieved a 

30% improvement in movement variability from their baseline, and based on their clinical 

presentation (e.g. fatigue, leg discomfort).  
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Ultrasound image analysis 

LM CSA was measured from ultrasound images using ImageJ software (National Institutes 

of Health, MD; available from https://imagej.nih.gov/ij/) by one researcher (KL), who was 

blinded to both participant number and time point at which each image was taken by an 

independent researcher (AW) in order to limit potential for bias. LM CSA was measured by 

tracing the inner edge of the muscle border. The means ± SD of nine measurements from 

three images were calculated, as well as the mean difference between assessment points.  

 

Statistical analysis 

In line with the recommendations on the use of statistical tests for intervention studies 

(Button et al., 2013; Hopkins, Marshall, Batterham, & Hanin, 2009; Hurst & Bolton, 2004; 

Wilkinson, 2014), the effect of the treatment was assessed by comparison of change relative 

to minimum clinically important difference (MCID) rather than statistical significance testing. 

Where MCID was not known, the effect size (ES), 95% confidence intervals  (Brandstätter, 

1999) were used to examine the effects of the intervention. Cohen’s d ES (Cohen, 1988) 

were calculated for each pairwise comparison of each outcome, with <0.2 indicating a trivial 

effect, <0.5 indicating a small effect, <0.8 indicating a moderate effect and >0.8 a large 

effect. For the PSFS, a MCID of 2 has been proposed for chronic LBP in a systematic review 

by Horn et al. (2012). The NPRS outcomes were analysed according to an MCID of 2 for 

patients with chronic LBP (Salaffi, Stancati, Silvestri, Ciapetti, & Grassi, 2004).   
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RESULTS 

 

One participant withdrew from the study after Assessment 1 due to time constraints. Thus, 

13 participants completed the intervention and are included in the analyses. None of the 

participants had ever had previous surgery to the torso. 

Pain did not improve with the intervention (Table 3). It was also the only outcome which 

showed an improvement, though not a clinically important difference, over the duration of the 

control period (pre-intervention).  

 

NPRS Comparison  Δ Mean 
95% CIs 

 
ES (Multiples 

of) MCID Lower Upper 

Pain 

A1 to A2 -3 -5 -1 -1.2  
Not 

applicable 
A2 to A3 0 -2 1 0.3 
A2 to A4 -1 -2 1 0.1 
A2 to A5 -1 -3 0 0.1 

 
Table 3: Mean difference, 95% confidence intervals (CIs), and Cohen's d effect sizes 

(ES) and (multiples of) minimal clinically importan t difference (MCID) for the 
Numeric Pain Rating Scale (NPRS) outcomes  

 

Changes in PSFS are reported in Table 4 and Figure 4.  All post-intervention increases in 

PSFS were at least twice the MCID, increases in PSFS standing activities were more than 

three times the MCID. These improvements were maintained at follow-up six and 15 weeks 

post-intervention.  
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PSFS Comparison  Δ Mean 
95% Confidence Intervals 

 
Cohen's d 

ES 

Multiples 
of MCID Lower Upper 

Standing 
activities 

A1 to A2 0.25 -0.26 0.86 1.3 large 0 
A2 to A3 6.25* 2.74 10.86 4.1 large >3 
A2 to A4 6.58* 3.62 10.78 4.6 large >3 
A2 to A5 6.58* 4.09 10.51 4.6 large >3 

       

Sitting 
activities 

A1 to A2 1.33 -0.93 3.60 1.4 large 0 
A2 to A3 5.33* 2.79 7.88 3.3 large >2.5 
A2 to A4 5.58* 3.32 7.84 3.3 large >2.5 
A2 to A5 5.42* 3.01 7.82 2.4 large >2.5 

       

Bending, 
lifting and 
twisting 
activities 

A1 to A2 1.00 0.08 1.92 2.2 large 0 
A2 to A3 5.00* 3.15 6.85 4.1 large 2.5 
A2 to A4 5.61* 3.53 7.68 3.7 large >2.5 
A2 to A5 6.21* 4.05 8.38 5.1 large >3 

       

Physical 
activities 

(e.g. 
walking, 
running) 

A1 to A2 1.75 -1.03 3.86 0.9 large 0 
A2 to A3 4.20* -0.44 4.77 1.6 large >2 
A2 to A4 5.22* -0.53 5.58 2.1 large >2.5 

A2 to A5 4.79* -0.84 3.86 1.8 large >2 

 
Table 4:  Mean difference, 95% confidence intervals  (CIs), Cohen's d effect sizes (ES) 

and (multiples of) minimal clinically important dif ference (MCID) for the 
Patient Specific Functional Scale (PSFS) outcomes -  * denotes multiples of 
MCID > 2 

 
 
LM muscle CSA data are reported in Table 5. Analysis showed that LM CSA at A1 was 

smaller (male mean 5.22 cm2, SD: 2.11, ES 1.8; female mean: 4.77 cm2, SD: 1.92, ES 1.3) 

than the reference range (male mean: 8.91 cm2, SD: 1.68, female mean: 6.65 cm2, SD: 1) 

for data that have previously been reported for non-symptomatic individuals with a mostly 

sedentary or moderately active lifestyle (Stokes et al., 2005). Consistent with our intention to 

include individuals with LM dysfunction as baseline, this would indicate that LM CSA was 

smaller than expected at the beginning of the study. All post-intervention increases in CSA 

had a large effect size (0.8-1.1). The improvement was maintained at follow-up six weeks 

post-intervention (this outcome was not assessed at 15 weeks).  
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Figure 4: Participants' patient specific functional  scale (PSFS) scores.  Mean (±SD) 
shown at each assessment point. A1 - six weeks pre intervention; A2 - immediately 
pre-intervention; A3 - immediately post-interventio n; A4 - six weeks post-intervention; 
A5 - 15 weeks post-intervention.  
 

 

Variable  Comparison  
Δ Mean 
(cm 2) 

95% CIs 
 

ES 
Lower Upper 

Left LM 
muscle CSA 

A1 to A2 0.26 -0.20 0.73 0.31 small 
A2 to A3 1 0.52 1.48 1.1 large 
A2 to A4 0.87 0.12 1.62 1 large 

      

Right LM 
muscle CSA 

A1 to A2 0.00 -0.50 0.50 0.00 small 
A2 to A3 0.69 0.08 1.3 0.8 large 
A2 to A4 0.93 0.32 1.54 1 large 

 

Table 5: Mean difference, 95% confidence intervals (CIs) and Cohen's d effect sizes 
(ES) for the lumbar multifidus (LM) muscle cross se ctional area (CSA) 
outcome 
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DISCUSSION 

The aim of this study was to provide a proof-of-concept evaluation of the efficacy of a 6-

week supervised intervention using the FRED in people with chronic non-specific LBP in 

terms of self-reported function, pain and LM muscle CSA.  

 

The current study did not find a clinically significant reduction in pain intensity following the 

intervention period (NPRS MCID = 2). The pain reduction reported by a number of 

participants in the control period before the FRED, is consistent with the observed flaring 

nature of LBP with most individuals experiencing fluctuations of symptoms over time (Costa, 

Ferreira,  Setchell, Makovey, Dekroo, Downie, et al., 2019; Dunn, Campbell & Jordan, 2013). 

In this present study, it may also stem from reassurance by the advanced practitioner 

physiotherapist (DD) that their symptoms did not stem from a serious pathology. This may 

have led to a reduction in pain simply by reducing their pain-related anxiety  (Butler, 2000). 

The current study identified a wide range of responses of pain to FRED exercise. One 

participant reported a complete resolution of symptoms following the intervention, whereas 

three participants reported a mild increase in pain following the intervention period. The 

absence of significant decrease in pain following the intervention period may be explained by 

the reports of several participants that they had returned to activities they had not done for 

years - this is apparent from the PSFS scores of these participants which all started at zero 

(i.e. activities that the participants had given up completely due to their pain). This included 

engaging in heavy lifting, strenuous hill walking and otherwise increasing their physical 

exercise in duration and/or level of physical effort. This is to be considered an important 

improvement in these participants, as in many people with chronic LBP the fear of pain and 

resulting avoidance of movement and activities that may trigger the pain becomes a bigger 

problem than the pain itself (Crombez, Vlaeyen, Heuts, & Lysens, 1999; Vlaeyen & Linton, 

2000). 
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Importantly, informal conversations with participants revealed that, although pain intensity 

was mostly unchanged, several participants experienced faster resolution of symptoms 

following the FRED exercise intervention. This suggests that future studies investigating 

people with (chronic) LBP should examine both pain intensity and duration so that this 

important aspect can be analysed appropriately. During the intervention period only one 

exercise session (out of a possible 234) was halted due to an increase in LBP.  

Improvements in self-reported function were made in all activity types measured, with an 

average increase of 4.3±1.2 points. This is more than twice the MCID for this scale for 

chronic LBP (Horn et al., 2012). Importantly, participants had been asked to choose activities 

for the PSFS which had direct relevance to and impact on their working lives and leisure 

activities. This improvement in function is particularly encouraging, bearing in mind the mean 

chronicity of LBP of 14 ± 13 years in this study population.  

This finding parallels the published findings of functional improvements following MCT 

interventions (Macedo et al., 2012; Saner et al., 2016). The functional improvements found 

in this study appeared to be larger than those reported by Macedo et al (2012) and Saner et 

al. (2016). However, this may be, because the current study specifically identified activities 

which participants were unable to perform at A1. In some previous studies participants 

started with a higher PSFS score at baseline, which would have reduced the potential for 

improvement over the duration of the study in comparison to this study. Importantly, Macedo 

et al.'s (2012) and Saner et al.'s (2016) studies both were RCTs involving 172 and 106 

participants, respectively, and any direct comparison between the present uncontrolled study 

and previous data needs to be considered very cautiously. Other differences in 

methodology, including the length of the intervention period, the length of individual 

treatment sessions, total number of exercise sessions, total exercise time and follow-up 

periods, also preclude a direct comparison of improvement in PSFS scores between studies.  
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The large effect size of the increase in LM muscle CSA (A2 to A3: d = 1.00, and from A2 to 

A4: d = 1.04) which was maintained at 6-week follow-up constitutes an important objectively 

measurable change following the FRED exercise intervention. It is of relevance in relation to 

people with LBP, as well as in other conditions where atrophy of the paraspinal muscles has 

been observed, such as following long-term bedrest and spaceflight (Hides et al., 2008; 

Lambrecht et al., 2017). Although the present study was not designed to address the 

mechanism for change in muscle size, it is important to consider this with respect to existing 

data. Our observation of substantial muscle gain despite modest activation might appear to 

contrast that of the study of Danneels et al. (2001b), that showed that addition of a 

strengthening programme to motor control training involving gentle specific activation of the 

back muscles alone was required to increase multifidus CSA. Key elements of the 

strengthening program implemented in that study were eccentric activation and static holding 

under load. Although FRED exercise involved modest muscle activation, the upright posture 

and demand to control spine position during leg movement on a relatively unstable platform, 

may have induced sufficient demand to induce hypertrophy. Our previous work (Weber et 

al., 2017) shows that during FRED exercise LM muscle contraction is more sustained (i.e., 

tonic) than treadmill walking, and is likely to involve sustained activation with oscillation 

between concentric and eccentric contraction.  

 A further consideration is that the effects of training on muscle mass might not 

depend only on the exposure to training during the FRED exercise programme. It is 

important to note that muscle changes in LBP do not only relate to effects at the level of 

muscle, there is an extensive literature of changes in neuromuscular control (Strutton, 

Theodorou, Catley, McGregor, & Davey, 2005; Tsao, Galea, & Hodges, 2008). It is plausible 

that exposure to the FRED exercise may have modified muscle activation and integration of 

enhanced recruitment into functional activity, thus effectively increasing the exposure of the 

muscle to exercise/loading. Transfer of improved muscle activation to other tasks, such as 

walking, has been reported for some motor control interventions for back muscles (Tsao & 

Hodges, 2007). This would also explain the maintenance of LM muscle CSA at 6-week 
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follow-up and concurs with other observations for abdominal muscles with motor control 

interventions (Tsao & Hodges, 2008). This observation is important to consider as the 

programme that was implemented involves less load and dosage than that generally 

advocated for muscle hypertrophy. Future analyses should consider the impact of exposure 

to FRED exercise on the activation of the back muscles in function. 

 

Limitations 

This proof-of-concept study involved a relatively small sample (N=13), did not use a control 

group, and did not test statistical significance. This study also did not investigate the 

effectiveness of FRED training relative to other rehabilitation approaches for patients with 

chronic LBP.  Although the rater was blinded to both participant number and time point at 

which each LM CSA image was taken in order to limit bias, the same physiotherapist (KL) 

supervised the exercise and recorded the LM CSA images. This might have introduced bias.  

 

CONCLUSION 

This proof-of-concept study was the first to examine FRED exercise as an intervention for 

individuals with chronic LBP. It involved two patient-reported outcome measures (PSFS and 

NPRS) and ultrasound imaging of lumbar multifidus muscle CSA. The study provides 

preliminary evidence that a 6-week programme of FRED exercise can improve self-reported 

function by more than twice the MCID in a range of physical activities. This was maintained 

at six and 15 weeks post-intervention. The LM CSA inceased with a large effect size 

following the FRED intervention which was maintained at six weeks post-intervention (not 

examined at 15 weeks post-intervention). In view of participants' resumption of activities 

following the intervention which they had given up due to their LBP and the chronicity of their 

symptoms (14 ± 13 years), the absence of a reduction in pain should might not reflect a 

negative outcome. Exercise using the Functional Re-adaptive Exercise Device may 

constitute an effective approach in the rehabilitation of people with chronic LBP who present 
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with a loss of physical function and LM muscle atrophy. The intervention should now be 

tested in an appropriately powered randomised controlled clinical trial. 

  

Declarations of interest: none.  

 

 

 

REFERENCES 

Airaksinen, O., Brox, J., Cedraschi, C., & et al. (2006). Chapter 4: European guidelines for 
the management of chronic nonspecific low back pain. 2006; 15: s192-s300. European 
Spine Journal, 15, s192–s300. 

Barten, J. A., Pisters, M. F., Huisman, P. A., Takken, T., & Veenhof, C. (2012). 
Measurement properties of patient-specific instruments measuring physical function. 
Journal of Clinical Epidemiology, 65(6), 590–601. 
https://doi.org/10.1016/j.jclinepi.2011.12.005 

Brandstätter, E. (1999). Confidence Intervals as an Alternative to Significance Testing. 
Methods of Psychological Research, 4(2), 33–46. Retrieved from 
http://www.dgps.de/fachgruppen/methoden/mpr-online/issue7/art2/article.html 

Brumagne, S, Cordo, P., Lysens, R., Verschueren, S., & Swinnen, S. (2000). The role of 
paraspinal muscle spindles in lumbosacral position sense in individuals with and 
without low back pain. Spine, 25(8), 989–994. https://doi.org/10.1097/00007632-
200004150-00015 

Brumagne, S, Lysens, R., Swinnen, S., & Verschueren, S. (1999). Effect of Paraspinal 
Muscle Vibration on Position Sense of the Lumbosacral Spine. Spine, 24(13), 1328–
1331. 

Brumagne, Simon, Janssens, L., Claeys, K., & Pijnenburg, M. (2013). Altered variability in 
proprioceptive postural strategy in people with recurrent low back pain. In Spinal 
Control: The Rehabilitation of Back Pain (pp. 135–144). 

Butler, D. (2000). The Sensitive Nervous System. Adelaide: NOI. 

Button, K. S., Ioannidis, J. P. a, Mokrysz, C., Nosek, B. a, Flint, J., Robinson, E. S. J., & 
Munafò, M. R. (2013). Power failure: why small sample size undermines the reliability of 
neuroscience. Nature Reviews. Neuroscience, 14(5), 365–376. 
https://doi.org/10.1038/nrn3475 

Caplan, N., Gibbon, K., Hibbs, A., Evetts, S., & Debuse, D. (2014). Phasic-to-tonic shift in 
trunk muscle activity relative to walking during low-impact weight bearing exercise. Acta 
Astronautica, 104(1), 388–395. https://doi.org/10.1016/j.actaastro.2014.05.009 

Claeys, K., Brumagne, S., Dankaerts, W., Kiers, H., & Janssens, L. (2011). Decreased 
variability in postural control strategies in young people with non-specific low back pain 



  

 20 

is associated with altered proprioceptive reweighting. European Journal of Applied 
Physiology, 111(1), 115–123. https://doi.org/10.1007/s00421-010-1637-x 

Claus, A. P., Hides, J. A., Moseley, G. L., & Hodges, P. W. (2009). Different ways to balance 
the spine: subtle changes in sagittal spinal curves affect regional muscle activity. Spine, 
34(6), E208–E214. https://doi.org/10.1097/BRS.0b013e3181908ead 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, 
NJ: Erlbaum. 

Costa, N., Ferreira, M. L., Setchell, J., Makovey, J., Dekroo, T., Downie, A., . . . Hodges, P. 
W. (2019). A Definition of “Flare” in Low Back Pain: A Multiphase Process Involving 
Perspectives of Individuals With Low Back Pain and Expert Consensus. J Pain, 20(11), 
1267–1275. https://doi.org/10.1016/j.jpain.2019.03.009 

Crombez, G., Vlaeyen, J. W. S., Heuts, P. H. T. G., & Lysens, R. (1999). Pain-related fear is 
more disabling than pain itself: Evidence on the role of pain-related fear in chronic back 
pain disability. Pain, 80(1–2), 329–339. https://doi.org/10.1016/S0304-3959(98)00229-2 

Danneels, L. A., Vanderstraeten, G. G., Cambier, D. C., Witvrouw, E. E., Bourgois, J., 
Dankaerts, W., & De Cuyper, H. J. (2001a). Effects of three different training modalities 
on the cross sectional area of the lumbar multifidus muscle in patients with chronic low 
back pain. British Journal of Sports Medicine, 35(3), 186–191. 
https://doi.org/10.1136/bjsm.35.3.186 

Danneels, L. A., Vanderstraeten, G. G., Cambier, D. C., Witvrouw, E. E., Bourgois, J., 
Dankaerts, W., & De Cuyper, H. J. (2001b). Effects of three different training modalities 
on the cross sectional area of the lumbar multifidus muscle in patients with chronic low 
back pain. British Journal of Sports Medicine, 35(3), 186–191. 
https://doi.org/10.1136/bjsm.35.3.186 

Debuse, D., Birch, O., St Clair Gibson, A., & Caplan, N. (2013). Low impact weight-bearing 
exercise in an upright posture increases the activation of two key local muscles of the 
lumbo-pelvic region. Physiotherapy Theory and Practice, 29(1), 51–60. 
https://doi.org/10.3109/09593985.2012.698718 

Dickx, N., Cagnie, B., Achten, E., Vandemaele, P., Parlevliet, T., & Danneels, L. (2010). 
Differentiation between deep and superficial fibers of the lumbar multifidus by magnetic 
resonance imaging. European Spine Journal, 19(1), 122–128. 
https://doi.org/10.1007/s00586-009-1171-x 

Dunn, K. M., Campbell, P., & Jordan, K. P. (2013). Long-term trajectories of back pain: 
cohort study with 7-year follow-up. BMJ Open, 3(12), e003838. 
https://doi.org/10.1136/bmjopen-2013-003838 

Farrar, J. T., Young, J. P., LaMoreaux, L., Werth, J. L., & Poole, R. M. (2001). Clinical 
importance of changes in chronic pain intensity measured on an 11-point numerical 
pain rating scale. Pain, 94(2), 149–158. https://doi.org/10.1016/S0304-3959(01)00349-
9 

Ferreira, P., Ferreira, M., Maher, C., & et al. (2006). Specific stabilisation exercise for spinal 
and pelvic pain: a systematic review. Australian Journal of Physiotherapy, 52, 79–88. 

Fortyn, M., & Macedo, L. G. (2013). Multifidus and Paraspinal Muscle Group Cross-Sectional 
Areas of Patients with Low Back Pain and Control Patients: A Systematic Review with a 
Focus on Blinding. Physical Therapy, 93(7), 873–888. 

Haxby Abbott, J., & Schmitt, J. (2014). Minimum Important Differences for the Patient-
Specific Functional Scale, 4 Region-Specific Outcome Measures, and the Numeric Pain 



  

 21 

Rating Scale. Journal of Orthopaedic & Sports Physical Therapy, 44(8), 560–564. 
https://doi.org/10.2519/jospt.2014.5248 

Hides, J. A., Richardson, C. A., & Jull, G. (1996). Multifidus Muscle Recovery is not 
Automatic After Resolution of Acute First-Episode Low Back Pain. Spine, 21(23), 2763–
2769. https://doi.org/10.1111/mono.12075 

Hides, J. A., Stokes, M. J., Saide, M., Jull, G., & Cooper, D. H. (1994). Evidence of lumbar 
multifidus muscle wasting ipsilateral to symptoms in patients with acute/subacute low 
back pain. Spine (Phila Pa 1976), 19, 165–172. 

Hides, JA, Belavý, D., Stanton, W., Wilson, S. J., Rittweger, J., Felsenberg, D., & 
Richardson, C. (2007a). Magnetic resonance imaging assessment of trunk muscles 
during prolonged bed rest. Spine (Phila Pa 1976), 32(15), 1687–1692. Retrieved from 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citatio
n&list_uids=17621220 

Hides, JA, Belavý, D., Stanton, W., Wilson, S., Rittweger, J., Felsenberg, D., & Richardson, 
C. (2007b). Magnetic resonance imaging assessment of trunk muscles during 
prolonged bed rest. Spine, 32(15), 1687–1692. 
https://doi.org/10.1097/BRS.0b013e318074c386 

Hides, JA, Gilmore, C., Stanton, W., & Bohlscheid, E. (2008). Multifidus size and symmetry 
among chronic LBP and healthy asymptomatic subjects. Manual Therapy, 13(1), 43–
49. https://doi.org/10.1016/j.math.2006.07.017 

Hides, JA, Richardson, C., & Hodges, P. (1989). Local segmental control. In Therapeutic 
Exercise for Lumbopelvic Stabilization (2nd ed., pp. 185–219). Edinburgh: Churchill 
Livingstone. 

Hides, JA, Stanton, W., Freke, M., Wilson, S., McMahon, S., & Richardson, C. (2008). MRI 
study of the size, symmetry and function of the trunk muscles among elite cricketers 
with and without low back pain. British Journal of Sports Medicine, 42(10), 809–813. 
https://doi.org/10.1136/bjsm.2007.044024 

Hides, JA, Stanton, W., McMahon, S., Sims, K., & Richardson, C. (2008). Effect of 
stabilization training on multifidus muscle cross-sectional area among young elite 
cricketers with low back pain. J Orthop Sports Phys Ther, 38, 101–108. 

Hides, JA, Stanton, W., Mendis, D., & Sexton, M. (2011). The relationship of transversus 
abdominis and lumbar multifidus clinical muscle tests in patients with chronic low back 
pain. Manual Therapy, 16(6), 573–577. https://doi.org/10.1016/j.math.2011.05.007 

Hides, Julie, Stanton, W., Mcmahon, S., Sims, K., & Richardson, C. (2008). Effect of 
stabilization training on multifidus muscle cross-sectional area among young elite 
cricketers with low back pain. Journal of Orthopaedic and Sports Physical Therapy, 
38(3), 101–108. https://doi.org/10.2519/jospt.2008.2658 

Hodges, P. W. (2019). Hybrid approach to treatment tailoring for low back pain: A proposed 
model of care. Journal of Orthopaedic & Sports Physical Therapy, 49(6), 453–463. 

Hodges, Paul, Holm, A. K., Hansson, T., & Holm, S. (2006). Rapid atrophy of the lumbar 
multifidus follows experimental disc or nerve root injury. Spine, 31(25), 2926–2933. 
https://doi.org/10.1097/01.brs.0000248453.51165.0b 

Hodges, PW, & Moseley, G. (2003). Pain and motor control of the lumbopelvic region: effect 
and possible mechanisms. Journal of Electromyography and Kinesiology, 13(4), 361–
370. https://doi.org/10.1016/S1050-6411(03)00042-7 

Hodges, PW, Van Dillen, L., McGill, S., Brumagne, S., Hides, J., & Moseley, G. (2013). 



  

 22 

Integrated clinical approach to motor control interventions in low back pain and pelvic 
pain. In Paul Hodges, J. Cholewicki, & J. van Dieën (Eds.), Spinal Control: The 
Rehabilitation of Back Pain (pp. 243–309). London: Churchill Livingstone. 

Hopkins, W. G., Marshall, S. W., Batterham, A. M., & Hanin, J. (2009). Progressive statistics 
for studies in sports medicine and exercise science. Medicine and Science in Sports 
and Exercise, 41(1), 3–12. https://doi.org/10.1249/MSS.0b013e31818cb278 

Horn, K. K., Jennings, S., Richardson, G., van Vliet, D., Hefford, C., & Abbott, J. H. (2012). 
The Patient-Specific Functional Scale: Psychometrics, Clinimetrics, and Application as 
a Clinical Outcome Measure. Journal of Orthopaedic & Sports Physical Therapy, 42(1), 
30-D17. https://doi.org/10.2519/jospt.2012.3727 

Hoy, D., Bain, C., Williams, G., March, L., Brooks, P., Blyth, F., … Buchbinder, R. (2012). A 
systematic review of the global prevalence of low back pain - Hoy - 2012 - Arthritis & 
Rheumatism - Wiley Online Library. Arthitis & Rheumatism, 64(6), 2028–2037. 

Hurst, H., & Bolton, J. (2004). Assessing the clinical significance of change scores recorded 
on subjective outcome measures. Journal of Manipulative and Physiological 
Therapeutics, 27(1), 26–35. 

Jull, G., & Richardson, C. (2000). Motor control problems in patients with spinal pain: a new 
direction for therapeutic exercise. Journal of Manipulative and Physiological 
Therapeutics, 23(2), 115–117. 

Kaplan, W., Wirtz, V., Mantel-Teeuwisse, A., Stolke, P., Durthey, B., & R, L. (2013). Priority 
Medicines for Europe and World - Update Report. Geneva. 

Koes, B., van Tulder, M., Lin, C.-W., & et al. (2010). An updated overview of clinical 
guidelines for the management of non-specific low back pain in primary care. European 
Spine Journal, 19, 2057–2094. 

Lambrecht, G., Petersen, N., Weerts, G., Pruett, C., Evetts, S., Stokes, M., & Hides, J. 
(2017). The role of physiotherapy in the European Space Agency strategy for 
preparation and reconditioning of astronauts before and after long duration space flight. 
Muscles, Ligaments and Tendons Journal, 7(3), S15–S22. 
https://doi.org/10.1016/j.math.2016.10.009 

MacDonald, D. A., Lorimer Moseley, G., & Hodges, P. W. (2006). The lumbar multifidus: 
Does the evidence support clinical beliefs? Manual Therapy, 11(4), 254–263. 
https://doi.org/10.1016/j.math.2006.02.004 

MacDonald, D., Moseley, L. G., & Hodges, P. W. (2009). Why do some patients keep hurting 
their back? Evidence of ongoing back muscle dysfunction during remission from 
recurrent back pain. Pain, 142(3), 183–188. https://doi.org/10.1016/j.pain.2008.12.002 

Macedo, L. G., Latimer, J., Maher, C. G., Hodges, P. W., McAuley, J. H., Nicholas, M. K., … 
Stafford, R. (2012). Effect of Motor Control Exercises Versus Graded Activity in Patients 
With Chronic Nonspecific Low Back Pain: A Randomized Controlled Trial. Physical 
Therapy, 92(3), 363–377. https://doi.org/10.2522/ptj.20110290 

Macedo, L., Maher, C., Latimer, J., & McAuley, J. (2009). Motor control exercise for 
persistent nonspecific low back pain: a systematic review. Physical Therapy, 89(1), 9–
25. 

Moseley, G. L., Hodges, P. W., & Gandevia, S. C. (2002). Deep and superficial fibers of the 
lumbar multifidus muscle are differentially active during voluntary arm movements. 
Spine, 27(2), E29–E36. https://doi.org/10.1097/00007632-200201150-00013 

O’Sullivan, P. B., Dankaerts, W., Burnett, A. F., Farrell, G. T., Jefford, E., Naylor, C. S., & 



  

 23 

O’Sullivan, K. J. (2006). Effect of different upright sitting postures on spinal-pelvic 
curvature and trunk muscle activation in a pain-free population. Spine (Phila Pa 1976), 
31, E707-712. 

Roussouly, P., Gollogly, S., Berthonnaud, E., Dimnet, J. (2005). Classfication of the normal 
variation in the sagittal alignment of the human lumbar spine and pelvis in the standing 
postition. Spine, 30(3), 346e353. 

Salaffi, F., Stancati, A., Silvestri, C., Ciapetti, A., & Grassi, W. (2004). Minimal clinically 
important changes in chronic musculoskeletal pain intensity measured on a numerical 
rating scale. European Journal of Pain, 8(4), 283–291. 

Saner, J., Sieben, J. M., Kool, J., Luomajoki, H., Bastiaenen, C. H. G., & de Bie, R. A. 
(2016). A tailored exercise program versus general exercise for a subgroup of patients 
with low back pain and movement control impairment: Short-term results of a 
randomised controlled trial. Journal of Bodywork and Movement Therapies, 20(1), 189–
202. https://doi.org/10.1016/j.jbmt.2015.08.001 

Saragiotto, B. T., Maher, C. G., Yamato, T. P., Costa, L. O. P., Menezes Costa, L. C., 
Ostelo, R. W. J. G., & Macedo, L. G. (2016). Motor control exercise for chronic non-
specific low-back pain. The Cochrane Database of Systematic Reviews, 1(1), 
CD012004. https://doi.org/10.1002/14651858.CD012004 

Sterling, M. (2007). Patient specific functional scale. Australian Journal of Physiotherapy, 
53(1), 65. https://doi.org/10.1016/S0004-9514(07)70066-1 

Stokes, M., Rankin, G., & Newham, D. J. (2005). Ultrasound imaging of lumbar multifidus 
muscle: Normal reference ranges for measurements and practical guidance on the 
technique. Manual Therapy, 10(2), 116–126. https://doi.org/10.1016/j.math.2004.08.013 

Strutton, P. H., Theodorou, S., Catley, M., McGregor, A. H., & Davey, N. J. (2005). 
Corticospinal excitability in patients with chronic low back pain. Clinical Spine Surgery, 
18(5), 420–424. 

Teyhen, D., & Koppenhaver, S. (2011). Rehabilitative ultrasound imaging. Journal of 
Physiotherapy, 57(3), 196. https://doi.org/10.1016/S1836-9553(11)70044-3 

Tsao, H., Galea, M. P., & Hodges, P. W. (2008). Reorganization of the motor cortex is 
associated with postural control deficits in recurrent low back pain. Brain, 131(8), 2161–
2171. 

Tsao, H, & Hodges, P. (2007). Immediate changes in feedforward postural adjustments 
following voluntary motor training. Experimental Brain Research, 181(4), 537–546. 

Tsao, Henry, Druitt, T. R., Schollum, T. M., & Hodges, P. W. (2010). Motor training of the 
lumbar paraspinal muscles induces immediate changes in motor coordination in 
patients with recurrent low back pain. Journal of Pain, 11(11), 1120–1128. 
https://doi.org/10.1016/j.jpain.2010.02.004 

Tsao, Henry, & Hodges, P. W. (2008). Persistence of improvements in postural strategies 
following motor control training in people with recurrent low back pain. Journal of 
Electromyography and Kinesiology, 18(4), 559–567. 
https://doi.org/10.1016/j.jelekin.2006.10.012 

Turk, D. C., Dworkin, R. H., Revicki, D., Harding, G., Burke, L. B., Cella, D., … Rappaport, B. 
A. (2008). Identifying important outcome domains for chronic pain clinical trials: An 
IMMPACT survey of people with pain. Pain, 137(2), 276–285. 
https://doi.org/10.1016/j.pain.2007.09.002 

van Dieen, J., Cholewicki, J., & Radebold, A. (2003). Trunk muscle recruitment patterns in 



  

 24 

patients with low back pain enhance the stability of the lumbar spine. Spine, 28, 834–
41. 

van Dieen, J., Selen, L., & Cholewicki, J. (2003). Trunk muscle activation in low-back pain 
patients, an analysis of the literature. Journal of Electromyography and Kinesiology, 
13(4), 333–351. 

Vlaeyen, J., & Linton, S. (2000). Fear-avoidance and its consequences in chronic 
musculoskeletal pain: state of the art. Pain, 85, 317–332. 
https://doi.org/10.1145/2994143 

Wallwork, T. L., Stanton, W. R., Freke, M., & Hides, J. a. (2009). The effect of chronic low 
back pain on size and contraction of the lumbar multifidus muscle. Manual Therapy, 
14(5), 496–500. https://doi.org/10.1016/j.math.2008.09.006 

Weber, T., Debuse, D., Salomoni, S. E., Elgueta Cancino, E. L., De Martino, E., Caplan, N., 
… Hodges, P. W. (2017). Trunk muscle activation during movement with a new 
exercise device for lumbo‐pelvic reconditioning. Physiological Reports, 5(6), e13188. 
https://doi.org/10.14814/phy2.13188 

Whittaker, J. L. (2007). Ultrasound Imaging for Rehabilitation of the Lumbopelvic Region. A 
Clinical Approach. Edinburgh: Churchill Livingstone. 

Wilkinson, M. (2014). Clinical and practical importance vs statistical significance: Limitations 
of conventional statistical inference. International Journal of Therapy and Rehabilitation, 
21(10), 488–494. 

Winnard, A., Debuse, D., Wilkinson, M., Samson, L., Weber, T., & Caplan, N. (2017). 
Movement amplitude on the Functional Re-adaptive Exercise Device: deep spinal 
muscle activity and movement control. European Journal of Applied Physiology, 117(8), 
1597–1606. https://doi.org/10.1007/s00421-017-3648-3 

Winnard, A., Debuse, D., Wilkinson, M., Tahmosybayat, R., & Caplan, N. (2017). The 
immediate effects of exercise using the Functional Re-adaptive Exercise Device on 
lumbopelvic kinematics in people with and without low back pain. Musculoskeletal 
Science and Practice, 27, S47–S53. https://doi.org/10.1016/j.msksp.2016.11.011 

 

 

 



Highlights 
 

• Exercise intervention for LBP effective in people with chronic LBP  
• PSFS scores up to 3x MCID greater after exercise intervention for chronic 

LBP  
• Large ES increase in Lumbar Multifidus muscle cross sectional area in 

chronic LBP  
• 6 weeks 3x15 mins exercise per week enough to return to function with 

chronic LBP  
 


