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Abstract 
Effects of Combined Motor Control and Isolated Lumbar Strengthening Exercises on Multifidus 

Muscle Morphology, Function, and Physical Disability in Chronic Low Back Pain 

Meaghan Rye 

 

Introduction 
Low back pain (LBP) is the leading cause of disability and a major public health concern. 
Literature generally supports the effectiveness of exercise therapy for the treatment of chronic 
non-specific LBP, but there have only been modest effects. Considerable evidence suggests a 
link between lumbar multifidus degenerative changes and functional deficits. Recent preliminary 
evidence suggests that motor control and targeted lumbar extensor strength training may lead to 
hypertrophy and reduce fatty infiltration, however the optimal exercise intervention for reversing 
these changes is unknown. 
 
Objectives  
To study the effects of combined motor control and extensor strengthening on multifidus 
morphology and function, and to determine how physiological changes relate to pain, function, 
and psychological factors. 
 
Participants 
The study included 25 participants aged 18 to 65 with moderate-to-severe chronic non-specific 
LBP. 
 
Intervention 
Participants completed a 12-week supervised motor control and isolated lumbar extension 
intervention at a frequency of two times per week.  
 
Measures 
Primary: multifidus morphology 
Secondary: multifidus function, lumbar extensor strength, pain, self-reported outcomes  
 
Results 
There were significant increases in the paraspinal CSA at L4-5 and L5-S1 between all timepoints 
and significant decreases in %fat fraction of multifidus and erector spinae at L5-S1 between 
baseline and both 6 and 12-weeks. There were significant increases in multifidus thickness and 
lumbar extensor strength between all timepoints. 
 
Conclusion 
Our results suggest that an intervention combining motor control and isolated lumbar extensor 
training has the potential to be successful in improving a large variety of outcomes, both 
physiological and clinical, in patients with chronic LBP. 
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Introduction 
 
Background 
 

Low back pain (LBP) is a prevalent and persistent problem all over the world, with 60-
90% of the North American population alone at risk of developing LBP in their lifetime.1–3 This 
common musculoskeletal disorder is one of the leading causes of disability worldwide, costing 
billions of dollars in Canada alone each year, including health care costs and work 
absenteeism.1,4 In 2015, it was estimated that about 540 million people were affected by LBP at 
any time, which is about 7.3% of the population worldwide.4 A recent surge of research on LBP 
has expanded our knowledge and now includes psychological and social dimensions, as they 
interact with the standard biomedical model5. As the cause of LBP is usually multifactorial, it 
remains a challenge to treat as there is no single treatment that works for all patients. There have 
been many proposed treatments from exercise, manual treatments, to medication.6 However, all 
reported and tested interventions have had minimal lasting long-term significant effects.7 
Furthermore, even those who recover from a first episode of LBP have a high chance of 
recurrence.2 Given the lack of consistent results and complexity in the diagnostic evaluation and 
management of this musculoskeletal condition, identifying the most effective therapeutic 
approaches remains a primary research priority in order to improve not only short term, but also 
long term outcomes. 
           
Definition of LBP 

LBP is defined as pain, muscle stiffness, or tension between the 12 thoracic vertebrae and 
the gluteal folds.4 It can be centralized or focused more on one side of the lower back. 
Individuals may or may not have concurrent leg pain in one or both lower limbs.4 There is no 
single cause of LBP across all cases, rather there is a heterogenous pool of potential causes and 
risk factors that vary among individuals. Approximately only 10% of all LBP cases are caused 
by specific pathology, such as nerve root compression, fractures, or stenosis.8  The other 90% of 
the cases have no identified cause (e.g. pain of unknown origin) and varying clinical 
manifestations, and are usually classified as non-specific LBP.  
 

Many spinal structures could contribute to pain including joints, bones, ligaments, 
tendons, muscles, and nerves.2,8 Repetitive mechanical stimulation of these structures can lead to 
continuous strain, degeneration, microtrauma, overload, or inflammation, any of which can lead 
to pain.4,8,9 The acute stage of LBP is pain occurring for one month or less. Most cases of acute 
LBP will recover quickly and with minimal treatment.6 Pain that lasts between two and three 
months is classified as sub-acute LBP. While pain lasting for longer than three months is labelled 
as chronic LBP.2,10 Although approximately 10% of people with non-specific LBP typically 
develop chronic LBP,  it remains a challenge to predict who will progress to the chronic stage.4 
However, age, gender, obesity, smoking, physical inactivity, occupation, genetics, certain 
medical conditions, and some psychological factors have been identified as possible risk factors 
for LBP.9,10 
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Risk factors 

The main modifiable risk factors for LBP are obesity, smoking, physical inactivity, 
posture, and repetitive stresses such as a physically demanding job.10,11 Obesity may increase the 
risk of LBP, especially large amounts of visceral fat, as it can increase the loads placed on the 
spine11. Furthermore, adipose tissue may secrete inflammatory mediators which can start a 
chronic cycle of pain.11 Physical inactivity can lead to atrophy of key muscles that stabilize the 
spine, decreases in strength and endurance. This can allow excess movement of the spine and 
increase the risk of tissue injury.12,13 Sedentary activity, especially prolonged sitting can lead to 
changes in lumbar lordosis, increased erector spinae activity, increased pressure on the disks and 
other structures, all of which can be a source of pain.10 Conversely, individuals with physically 
exerting jobs, such as those requiring repetitive heavy lifting, repetitive bending, or twisting in 
unusual positions, have a higher risk of developing LBP.2,4 Psychological factors including 
depression, anxiety, kinesiophobia, and pain catastrophizing, have been linked as predictors of 
someone transitioning to chronic low back pain14. Anxiety and depression have been linked with 
increased pain intensity, increased disability, poorer responses to exercise, and increased 
recurrence rates of injury or pain. Those with high kinesiophobia and catastrophizing react by 
avoiding activities that they are afraid will make their condition worse5. Some or all these factors 
combined can lead to poor responses to acute back pain, leading to avoidance of activity and 
increased pain intensity and duration. Many of these factors occur simultaneously and their 
effects on LBP is cumulative. 

 
The main non-modifiable risk factors for LBP are age, gender, genetics, and certain 

medical conditions. Several studies have linked increasing age to the development of LBP.2,4,7 
With aging, muscles lose elasticity, bones start to weaken and intervertebral discs degenerate.2 
The degree to which this natural aging process occur varies between individuals, either due to 
genetics, lifestyle or a combination of both. Genetics can account for 21% to 67% of the 
potential to develop LBP.4 Females seem to have a higher rate of LBP than males. This could be 
due to hormones, the stress from pregnancy and childbirth, or differences in pelvic structure.15 
Other chronic conditions may also increase the risk of developing LBP, such as asthma, diabetes 
and chronic headaches.4 
 
Anatomy of the Spine 

Non-specific mechanical LBP may originate from the musculoskeletal system and 
research has shed light on a few important muscles and how they relate to the spine and LBP. 
The local muscles attach directly to the spine and their main function is to stabilize and provide 
fine control during movement. Conversely, global muscles are larger muscles attaching to the 
pelvis and ribs, spine, and fascia. Supported by the local muscles, the large global muscles are 
mainly responsible for trunk movements, such as walking or bending, as well as postural control. 

The erector spinae muscle, which is composed of three intermediate layers of muscle 
(e.g. illiocostalis, longissimus and spinalis muscles), is a large global muscle that mainly assist 
with general movement of the trunk. These muscles extend the full length of the spine and 
generate most of the force during lumbar extension.16 On the other hand, the most important 
local and lumbar stabilizer muscle is the multifidus. Each fascicle of the multifidus muscle spans 
between two to five spinal levels and has a large cross-sectional area, making it ideal for 
segmental stability due to its ability to generate  large forces over a small area.13 Studies have 
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shown that the multifidus muscle also consist of a sensory component that detects perturbations 
of the spine.16,17 Stretching of the tendons and ligaments of the spine cause reflexive contraction 
of the multifidus in order to add precision and stability during movements.17 Working in 
conjunction with the multifidus to increase spinal stability, is the transverse abdominus and the 
pelvic floor muscles. The transverse abdominis is attached to the spine indirectly through the 
thoraco-dorsal fascia. When contracted, tension increases throughout the trunk and reduces the 
risk of spinal buckling, excess rotation and translation of the vertebra. Furthermore, when the 
transverse abdominis is contracting simultaneously with the pelvic floor and diaphragm, intra-
abdominal pressure increases and creates a force into the direction of lumbar extension.16,18 
Finally, the pelvic floor muscles stiffen the sacroiliac joint during contraction, which further 
stabilizes the spine and pelvis.19 As all these muscles are interrelated, dysfunction or injury to 
one can lead to issues with the other muscles and increase one’s susceptibility to LBP.18 

 
Imaging Techniques  
Magnetic resonance imaging 

Over the past decades, imaging studies examining the morphology and composition of 
the paraspinal muscles and its relationship with LBP have received increased attention. While 
both magnetic resonance imagining (MRI) and CT scan can be used to assess paraspinal muscle 
morphometry, MRI is the goal standard as it provides higher resolution images, and thus better 
detection of soft tissue such as muscle and fat. Furthermore, MRI is also preferred as it does not 
expose the patient to radiation. Previous studies have shown that MRI provides reliable 
measurements of muscle cross-sectional area (CSA), with intra-rater and inter-rater intra-
correlation coefficient (ICCs) varying between 0.89 to 0.99, and 0.88 to 0.99 for the multifidus 
muscle, respectively.20–22 Fortin and Battié20 also reported excellent intra-rater reliability (ICC 
from 0.87 to 0.99) and agreement (ICC from 0.81 to 0.99) between two commonly used software 
program (OsiriX and ImageJ) for the assessment of paraspinal muscle CSA and composition. 
Figure 1A shows CSA measurements of the multifidus, erector spinae, psoas and quadratus 
lumborum from axial T2-weighted MR image. 
 

Although a few studies have looked at the relationship between paraspinal muscle CSA 
(e.g. size) and LBP23,24, atrophy of the paraspinal muscle (e.g., decrease in muscle quality) can 
occur without an actual decrease in total muscle CSA.21 As such, the focus of research has 
shifted to not only consider the size or CSA of the muscle, but also the quantity of lean muscle 
tissue, defined as functional cross-sectional area (FCSA) (Figure 1D).20–22 Indeed, chronic LBP 
has been associated with increased intramuscular fatty infiltration, where lean muscle tissue is 
replaced by fat and fibrous tissue.22 This is an important distinction as muscle quality may affect 
functional contractile ability.21,22,25 While several qualitative26,27 (e.g., visually grading the 
degree of fatty infiltration) and quantitative MRI techniques have been used to assess paraspinal 
muscle composition, threshold techniques are one of the most widely used approaches. 
Specifically, a thresholding technique consists of identifying the range of pixels that represent 
lean muscle (low intensity) tissue and fat tissue (high intensity) on T1 or T2-weighted images. 
The threshold is then applied to the image to reflect either fat or muscle fibers within the muscle, 
after the muscle CSA is traced. Several studies have examined the reliability of measuring FCSA 
with MRI, with intra-rater and inter-rater intra-correlation coefficient (ICCs) varying between 
0.77 to 0.98, and 0.68 to 0.99 for the multifidus muscle, respectively.20–22,28 
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While this thresholding method is highly reliable, it is very time consuming, and not 
always feasible in clinical settings. In a recent study, Fortin et al28 developed a novel semi-
automated thresholding algorithm for the assessment of paraspinal muscle composition. The 
algorithm was validated against the standard manual thresholding technique; the agreement 
between the two methods was excellent with inter-method reliability ICCs varying between 0.79 
and 0.99, and intra-rater reliability coefficient varying between 0.95 to 0.99.  The development 
of such algorithm greatly simplifies the tenuous aspects of MR imaging assessment of paraspinal 
muscle composition and facilitate comparison among studies.  Indeed, in a recent review by 
Crawford et al29 the variations in measurement techniques used by different group worldwide to 
assess paraspinal muscle composition was highlighted; such variability likely contributes to 
some of the divergence in study results. As such, the use and development of automated and 
standardized assessment tool is warranted to allow for more accurate comparison of study 
findings.29 
 

Lastly, with advances in MRI technology,  water and fat images and % fat-signal fraction  
derived from multi-echo acquisitions (e.g., DIXON, IDEAL) are now the contemporary standard 
for the assessment of soft tissue composition (Figure 1B and 1C).30–32 However, water and fat 
sequences are rarely obtained clinically, consequently, routine T1- and T2-weighted images 
remain widely used and represent a valuable resource for researchers.28,33 
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Figure 1: A) Axial T2-weigthed image and cross-sectional area (CSA) measurements of the multifidus, 
psoas, quadratus lumborum, erector spinae muscles. B) IDEAL water axial image and Region of Interest 
(ROI) of the multifidus CSA belonging to the lean muscle water index. C) IDEAL fat axial image and 
ROI of the multifidus CSA belonging to the fat index. D) Illustration of the thresholding technique used 
to quantify the multifidus muscle area of lean muscle mass.  
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Ultrasound 
Studies have also used ultrasound to examine the morphology of the paraspinal muscles, 

specifically the lumbar multifidus. Benefits to using ultrasound compared to MRI include 
affordability, portability, and the fact that images can be taken real-time in different positions. 
While recent advancement in ultrasound technologies greatly improved the image quality, this 
modality does not allow for the clear distinction of fat and muscle tissue.22 The reliability of 
measuring multifidus CSA with ultrasound techniques is also lower as compared to MRI studies. 
Belavy et al25 found an average ICC for all lumbar spinal levels to be between 0.61 and 0.89. 
Kiesel34 suggested that repeating the measure three times and averaging the values will increase 
reliability. Another concern with ultrasound imaging is with inter rater reliability when multiple 
technicians take the measurements. Results from ultrasound imaging are somewhat dependant on 
the machine used and the location of probe placement. Therefore, it is ideal that the same person 
takes all the measurements that will be compared. Belavy et al25 also examined the correlation 
between MRI and ultrasound measurements of multifidus CSA for all lumbar spine levels and 
had a Pearson Correlation coefficient of 0.52 (95% CI of 0.14 to 0.77), indicating low to 
moderate correlation.  
 

Ultrasound has also been used to measure muscle function. By comparing muscle 
thickness at rest and during contraction, one can calculate the percent thickness change as an 
indicator of muscle function.35 A review from Taghipour et al36 examined the reliability of using 
ultrasound to measure thickness change in the lumbar multifidus and found that high quality 
studies generally had ICCs above 0.70, which is an acceptable level. Variation between studies 
could be due to transducer placement, muscle state, amount of pressure, and patient position.36 
While fewer studies have examined the reliability of multifidus thickness during contraction, 
those that have measure reported good results.34,37 A study by Kiesel et al34 compared a 
standardized protocol using ultrasound imaging with the gold standard measurement of 
intramuscular EMG. They found there was a high correlation (r = 0.79, P < 0.001) between the 
EMG measurements and the change in multifidus thickness during contraction. Another study by 
Sions et al37 compared the reliability of ultrasound measurements of multifidus thickness 
between older adults and younger adults. Measurements from younger adults had ICCs of 0.80 to 
0.95, both during resting state as well as during contraction using a contralateral limb lift. In the 
older adult group, they found similar reliability with ICCs of 0.74 to 0.94 during rest and 0.79 to 
0.95 during contraction using a contralateral limb lift. This indicates that this method can be used 
reliably with all ages, which is important as the prevalence of LBP increases with age. Other 
benefits of ultrasound include the ability to test in different postures and using the real-time 
images as biofeedback during rehabilitation. Taken together, these results demonstrate that 
ultrasound is a valid, low-risk, and non-invasive alternative to measure function of the lumbar 
multifidus. Figure 2 shows the multifidus muscle thickness measurements at rest and during 
contraction. 
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Figure 2. Multifidus muscle thickness measurement at rest (left image) and during submaximal 
contraction via a contralateral arm lift (right image) at L5-S1 level.  

 
Muscular Adaptations 
Structural Changes 

Imaging studies have shown that individuals with LBP are more likely to have paraspinal 
muscle atrophy, fatty infiltration, and asymmetries, especially of the multifidus muscle.24,38,39 A 
recent systematic review by Goubert and Daneels40 summarized the current literature on imaging 
and histological studies that have examined structural changes of the lumbar muscles in people 
with non-specific LBP and healthy controls. There was moderate evidence to support a decrease 
in multifidus CSA in individuals with LBP, at one or more lumbar levels. Of the six studies 
showing multifidus atrophy, only two showed atrophy above L3, while all studies reported 
atrophy at L4 and L5. In comparison, individuals with acute or recurring LBP showed no 
consistent evidence of multifidus atrophy (e.g., reduced CSA). They found less conclusive 
evidence with regards to muscle side-to-side asymmetries. Two studies found asymmetry of the 
multifidus muscle at the lower spinal levels, while one study found no apparent differences. 
Hides et al. reported that individuals with unilateral LBP were more likely to develop 
asymmetries on the symptomatic side, compared to those with bilateral LBP. Lastly, two studies 
found the presence of fatty infiltration of the multifidus in individuals with chronic LBP.40  
Furthermore, some noted that not all cases of fatty infiltration were associated with a decrease in 
CSA.21,22,40 It is intuitive that such increase in fatty infiltration negatively affect muscle function 
and contractile ability.22  

 

Functional Changes 

Along with the morphological changes, decreases in muscular endurance, strength and 
activation/contraction pattern have also been observed.41,42 As the multifidus is one of the most 
important stabilizers of the spine,13 functional impairments can lead to an increased risk of 
injury.13 Atrophy and fatty infiltration of the multifidus muscles likely compromise its contractile 
ability, by limiting the amount of force that can be generated during contraction.22,43 A study by 
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Van Dieen et al41 assessed multifidus contraction between individuals with LBP and healthy 
controls. They found lower multifidus activation in patients with LBP, suggesting a decreased in 
muscle function. A recent systematic review by Prins et al44 also reported moderate evidence that 
individuals with LBP demonstrate larger response times to perturbations of the spine, although 
this was not found in all studies. It is theorized that these changes occur due to splinting 
behaviour to protect the spine, however research remains inconclusive. 

 
Causes of Adaptations 

Possible mechanisms that may explain the degenerative muscle changes and decreased 
function observed in patients with LBP include poor motor control, deconditioning, denervation, 
and reflex inhibition.45 Loss of motor coordination can lead to repetitive mechanical stress on 
surrounding structures, increasing the risk of instability, joint overloading, and pain.46,47 Many 
individuals with LBP are more likely to avoid painful movements, which can lead to 
deconditioning of the lumbar muscles due to disuse.43 Furthermore, changes in muscle activation 
can further exacerbate the deconditioning of these muscles.12,41,43 Some studies have proposed 
that denervation of the multifidus muscles could be a potential cause of multifidus atrophy and 
degeneration,17,43 although more commonly seen in individuals with disk herniations or stenosis. 
Proposed mechanisms are chemical irritation from inflammatory mediators17 and stretching or 
entrapment of nerves during excessive or poor movements.17,43 Lastly, there is support for reflex 
inhibition of the multifidus with LBP.40,43 Nociceptive input from the various underlying spinal 
tissues as the multifidus shares an innervation with associated spinal segments.13,41 This can lead 
to delayed and diminished activity of the muscles.40 It is unclear whether these changes are cause 
or symptoms, or a combination of both in people with LBP. Regardless, they are key issues that 
need to be addressed as part of the treatment. 
 
Exercise Interventions 
Effects of different exercise interventions on LBP  

Currently, exercise therapy is the most common conservative treatment for LBP as it is 
easily accessible and can be individually tailored to patients’ needs.38 A common finding that is 
shared among most exercise interventions is a statistically significant decrease in pain and 
increase in function compared to control groups with no exercise intervention component.3 
Hayden et al. found that core stabilization and functional restoration exercises such as motor 
control were more successful at reducing pain and disability.48 A systematic review by Gordon 
and Bloxham49 examined the effectiveness of various types of exercise such as aerobic training, 
core stabilization, and muscular strengthening programs for the treatment of non-specific chronic 
LBP. Included in the review. All three types of training had mixed results with some studies 
finding significant improvements in pain and disability post-treatment while other studies 
reported no effect. Overall, their conclusions were that since LBP can have a multitude of causes 
and risk factors, no single treatment will work for all LBP patients. Instead, we need to 
individualize treatments based on the patients’ needs. Similarly, in another systematic review, 
Searle et al50 found that exercise interventions were more effective than conservative therapies in 
treating LBP, although the effect size between different exercise intervention groups were small. 
Interestingly, different interventions had benefits in varying outcomes. For example, resistance 
training had better functional outcomes while flexibility was more likely to lead to improvements 
in pain.50 In accordance with Gordon and Bloxham49, Searle et al50 concluded that additional 
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research is warranted to determine whether certain groups of LBP patients would benefit more 
from one intervention than others. 
 
Effect of exercise interventions on multifidus muscle morphology  

There is mixed evidence as to whether current exercise interventions can lead to 
significant improvement in paraspinal muscle morphology (e.g., hypertrophy, reversal of fatty 
infiltration) and function (e.g., strength, activation, contraction), and whether such changes are 
associated with improvement in patient-related outcomes. A recent study examined the effect of 
a high-intensity isolated lumbar extensor exercise protocol and its effect on cross-sectional area 
and fatty infiltration for both the erector spinae and multifidus muscles.51 The study found 
variability in morphological changes, with some individuals experiencing increases in CSA and 
decreases in fatty infiltration, while others had no change. The authors suggest further 
exploration into identifying what types of resistance exercise works best.51 A review by 
Shahtahmassebi52 examined various exercise protocols and their effects on paraspinal muscle 
morphology. They found mixed results in studies using motor control interventions. Generally, 
groups that completed motor control exercise alone had little to no improvements in muscle 
morphology, while groups that combined motor control and resistance training interventions saw 
greater improvements in multifidus CSA. Furthermore, when comparing machine-based and 
non-machine-based resistance programs, there were mixed results across all categories. 
Conversely, no studies of cardiovascular exercise indicated any changes in paraspinal muscle 
morphology. However, the exercise intervention studies included in this review were generally 
of low quality, with high risk of bias and were severely critiqued for their lack of transparency 
regarding the exercise’s protocols, not providing enough detail to allow for replication or 
accurate comparisons among studies. 
 

Only a few studies have examined the effects of strength-based exercise on paraspinal 
fatty infiltration in people with chronic LBP.51,53 Welch et al53 found that, along with decreases 
in pain and disability, a 16-week full-body general resistance training protocol decreased fatty 
infiltration and increased FCSA of the multifidus. Currently there is a lack of comprehensive 
studies that have thoroughly examined the effect of different exercise interventions on overall 
paraspinal muscle health (e.g., morphology, composition, and function), and how such variations 
may correlate with improvement in pain and disability. In a preliminary study by Berry et al,51 
while no significant differences in multifidus and erector spinae muscle size and fatty infiltration 
were detected following a 10-week high-intensity machine-based resistance exercise program 
(n=14), improvement in muscle size and fatty infiltration of both muscles were correlated with 
improvements in disability, strength, and depression/anxiety. Unarguably, further studies are 
needed to provide a better understanding of the relationships between exercise, muscle 
morphology, and functional outcomes in patients with chronic LBP. 
 
Motor Control  
Background 

In recent years specific motor control interventions have been examined to see if there is 
a better way to target paraspinal muscles directly. Motor control consists of the neural 
mechanisms that regulate posture, movement, and spinal stability. Receptors in the muscles, 
tendons, and ligaments relay information to the nervous system, which signals the muscles to 
contract or relax in order to achieve optimal functioning.54 Motor control exercises are used to 
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retrain control of trunk muscles activation, alignment, and movement in order to restore proper 
function.55 It is believed that patients lose proper motor control of the core stability muscles due 
to altering their posture or limiting certain movements in order to avoid painful positions.47 This 
can lead to deconditioning of core muscles, overuse of certain muscles and structures, or a 
combination of both.47 Over time the brain and body adapt to these maladaptive processes, and 
this harmful cycle will continue until muscles are properly retrained. Motor control training 
seeks to correct the order of activation and endurance of the key spinal stabilizers, specifically 
the lumbar multifidus and transverse abdominus muscles, and involves motor, sensory, and 
central processing.38 
 
Patient Classification 

Two studies by Van Dieen et al9,12 have described a range of motor control dysfunctions, 
where both ends of the spectrum could be causes for LBP. One end of the spectrum, labelled 
tight control, presents as splinting or bracing to decrease the risk of excess spinal movement. 
Increased activity of the large trunk muscles (erector spinae) occurs, and movement becomes 
slower and more rigid. Although seemingly beneficial in the short-term, chronic overactivation 
of the erector spinae can lead to inhibition of the multifidus and increases the forces on the spine. 
This leaves the individual more susceptible to injury through repetitive malalignment and stress 
on the spine and surrounding structures.9,12 
 

On the opposite end of the spectrum, loose control seeks to mitigate the forces and tissue 
loading of the spine due to muscle forces by decreasing muscular activity. However, this leads to 
less control over spinal stability, leaving the spine vulnerable to larger movement and 
displacement of the spine during perturbations.12 This reduced control leads to higher risk of 
tissue injury and other adaptations in attempts to stabilize the spine.9,12 
 

There is currently no consensus on the best way to classify patients based on motor 
control.9 A few classification systems have been used, although not originally created for motor 
control classifications, they share many similarities to the model of Van Dieen et al9. The 
treatment-based classification by Alrwaily et al56 split patients into one of four groups based on 
which type of treatment they were most likely to respond to. The manipulation category, where 
the main clinical finding is hypomobility, correlates with tight-control, whereas the stabilization 
category correlates with the loose-control model. Another classification system is the 
multidimensional clinical model from O’Sullivan et al57 that separate people with LBP into 
adaptive/protective or maladaptive/provocative groupings. The former, also called movement 
impaired, correlates with tight-control, while the later correlates with loose-control. While a few 
studies have examined the effectiveness of matching subgroupings with targeted treatments 
compared to a generalized treatment, results remain inconclusive.8,58 Van Dieen et al9 
hypothesized that this may be because the categories are not mutually exclusive. Rather, 
individuals might change their motor control patterns depending on the situation. Further 
research needed to increase our knowledge on developing screening techniques to identify which 
treatment each individual will respond to best. 
 
Motor control interventions 

Many studies have looked at the effectiveness of specific motor control treatments 
compared to traditional muscle strengthening. However, there are mixed results as to which 
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intervention would be more beneficial to individuals with chronic LBP.52 A study by Shamsi et 
al59 compared the effectiveness of motor control exercises with general strengthening exercises 
on disability and pain. Both groups completed 16 sessions over 6 weeks with measures being 
taken before and after the interventions. The motor control group had 3 phases; the first was 
isometric activation of the local trunk stabilizers, second was continuing these isometric 
contractions with low loads from limb movement, and the third and final phase was achieving 
these contractions while performing functional tasks. They found that both groups had 
statistically significant decreases in pain and disability as measured by the Oswestry Disability 
Index (ODI). Similarly, Macedo et al55 also compared a motor control protocol with a graded 
exercise program over 8 weeks, with follow up at 6 and 12 months after completion. While the 
motor control group focused on regaining control and coordination of spinal muscles and the 
graded exercise group emphasized on increasing activity tolerance, both groups had similar 
reductions in pain and improvements in disability in function following the completion of the 
exercise program. These findings suggest that some people may benefit more from one type of 
intervention than others. It appears that an individual is more likely to respond positively to 
motor control training if they have poor control of their multifidus muscles.38,55 
 

A comprehensive Cochrane review by Saragiotto et al60 examined 16 studies that 
compared motor control exercises to other forms of exercise therapy for the treatment of chronic 
non-specific LBP. They found that across the studies there were minimal differences between 
motor control exercises and other exercise interventions in pain and disability outcomes. 
However, when compared to other interventions that do not include exercise, such as standard 
care or the use of electrophysical agents, there are clinically significant reductions in pain and 
disability with motor control exercises. Ultimately, in all comparisons from the review, the effect 
sizes were small, indicating that some people in all categories showed improvements while 
others did not. In contrast, a network meta-analysis by Hayden et al. found that core stability and 
motor control type exercises may be better for improving pain and disability than other types of 
exercise. However, they also agreed that any type of exercise had better outcomes that traditional 
conservative treatments48. 
 
Lumbar Strengthening 
Isolated Strengthening 

A large body of evidence has confirmed the presence of lumbar multifidus degenerative 
changes (e.g., atrophy and fatty infiltration), particularly at the levels of L4 and L5,13 in 
individuals with chronic LBP.40 These deficits have also been correlated with increased pain and 
disability as well as decreased function.61 Since the primary function of the multifidus is spinal 
stability, it is very important they are functioning properly. Based on current evidence, motor 
control interventions alone do not appear to provide enough overload to stimulate muscular 
hypertrophy.52 However, when paired with lumbar extensor training, positive changes in 
paraspinal morphology were observed.52 In order to be effective, the strength training needs to 
directly target the lumbar extensors. Shahtahmassebi et al62 found that healthy individuals who 
completed lumbar extensor training on an isokinetic dynamometer had greater increases in 
multifidus CSA and thickness at L4/L5 and L5/S1 than individuals who completed general 
exercise training, with a concomitant increase in strength and functional ability.  
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Traditional trunk extension exercises, labelled TEX by Steele et al63, were the early focus 
of lumbar muscular strengthening studies. Included in this category are exercises where the 
primary movement is trunk extension, such as roman chair extensions, without external fixation. 
Although studies have found improvements in strength or endurance for that specific movement, 
there has been no convincing evidence that TEX training causes any morphological changes of 
the multifidus.61 It has since been hypothesized that the larger hip and thigh muscles may be 
overcompensating for weak lumbar extensors. The extensor muscles, specifically the erector 
spinae and multifidus, only account for approximately 72 degrees of extension. The remainder 
comes from the glutes and hamstring muscles, pulling the pelvis into posterior rotation.64 A study 
by Smith et al65 looked at the effect of pelvic stabilization during lumbar extension strengthening 
in patients with LBP. They found greater increases in strength and function and decreases in pain 
when completing the exercises with pelvic restraints compared to individuals completing the 
same exercises without pelvic restraints. The addition of pelvic restraints eliminate the 
activity/activation of the other large muscles of the posterior chain such as the glutes and 
hamstrings, which tend to provide most of the force in lumbar extension.64 Therefore, the 
addition of the pelvic restraints isolates the lumbar extensors, can likely provide enough overload 
to lead to physiological adaptations such as muscle hypertrophy and increase muscular strength. 
Exercises that use these restraints have been defined as isolated lumbar extension (ILEX) by 
Steele et al63. As such, the lack of morphological changes in paraspinal muscles reported in 
previous studies may be due to the compensation of the other posterior chain muscles.65  
 
MedX Isokinetic Dynamometer 

There are currently only a few isokinetic dynamometers that allow to isolate the lumbar 
extensor muscles. The MedX lumbar extension machine has been highlighted in many recent 
studies as a method to test and train lumbar extension strength in a safe and standardized 
manner.51,61,65,66 The machine allows for the full 72 degrees of lumbar extension that has been 
attributed to the lumbar extension muscles and can be split up into increments as small as 3 
degrees. A preliminary study by Pollock et al66 found that compared to a control group, healthy 
individuals who completed a 10-week training program on the MedX machine had significant 
increases of lumbar extensions strength. A study by Smith et al65 found that completing a 12-
week training program with pelvic stabilization on the MedX had significant increases in lumbar 
strength compared to individuals completing the same program without pelvic stabilization. 
These findings further support the theory that large muscles of the pelvis need to be eliminated in 
order to achieve increases in lumbar extensor strength, and that the MedX machine is able to 
successfully isolate the lumbar extensors. 
 
Training Parameters 

Several other studies have been conducted to compare key aspects of exercise training 
programs, including frequency, intensity, and range of motion parameters. Patients with chronic 
LBP are very likely to have limited range of motion and decreased strength, but most importantly 
fear that certain exercises or positions may worsen their condition. Therefore, it is important to 
find the balance between patient comfort and peace of mind while simultaneously stressing the 
muscles enough to see beneficial changes. Steele et al67 compared the effects of partial versus 
full range of motion on lumbar extensor strength using a MedX machine. One group trained with 
the full lumbar range while the other completed the same protocol with 50% of their full range. 
They found that both groups showed substantial increases in lumbar extensor strength after a 12-
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week intervention. This indicates that even individuals with limited range of motion can still 
benefit from this type of training. Ultimately the goal is to regain full range of motion but gains 
in strength are not limited to only those with full range. Another important factor to consider is 
the intensity of the training. Berglund et al39 compared the effects of low load body weight and 
high load free-weight strength training. The focus on the low-load group was to improve 
coordination and activation of the spinal stabilizers, while the high-load group sought to increase 
strength and hypertrophy of the lumbar extensors. Both groups showed hypertrophy of the 
multifidus muscles, suggesting that individuals who start with lower strength level can begin 
exercising at a lower intensity and still see improvements. 
 
Psychological Factors 
Kinesiophobia and Catastrophizing 

Given the fact that many exercises and therapeutic interventional studies reported 
minimal to no improvement in patients with chronic LBP regardless of what treatment they 
received, researchers began to look for other factors that may influence recovery. Based on the 
Fear Avoidance Model of Pain, it is hypothesized that individuals can be classified as either 
active copers or passive copers.68 The model deviates from the standard biomedical models 
previously used with injury rehabilitation. Instead, it also includes psychological and social 
constructs relating to how an individual may recover from injury. It states that individuals with 
negative views towards pain are more likely to suffer from increased pain and are less likely to 
recover. These negative views are labelled as kinesiophobia and pain catastrophizing. 
Kinesiophobia is the fear of movement due to the belief that movement will increase their pain 
and may make their injury worse.69,70 Catastrophizing is the tendency for an individual to 
ruminate on their pain and experience it in more exaggerated terms than normal.69 Those with 
high kinesiophobia and catastrophizing are described as passive copers, as they react by avoiding 
activities that they are afraid will make their condition worse. This can lead to activity 
limitations, deconditioning, and increased disability, which in turn leads to increased negative 
views and continues as unending cycle. In contrast, active copers are those who remain 
physically active, do not avoid the activities they enjoy and have higher self-reported function as 
well as decreased pain and disability.71 
 

Exercise has been shown to improve these negative feelings. A study by Ferrari et al72 
found that individuals with chronic LBP and higher level of kinesiophobia, measured by the 
Tampa Scale of Kinesiophobia (TSK), were more likely to have a higher pain intensity and 
disability. Whereas individuals with higher self-efficacy ratings had lower pain intensities and 
disability.  
            
Depression and Anxiety 

In addition to the physical effects of LBP, individuals afflicted are 3-4 times more likely 
to experience clinical depressive symptoms compared to the general population.73 A study by 
Oliviera et al14 found that 51.4% of their chronic LBP participants had significant depression and 
anxiety symptoms.  Furthermore, anxiety and depression have been linked with increased pain 
intensity, increased disability, poorer responses to LBP interventions, and higher chances of 
recurrence.14 Marshall et al74 found that individuals with LBP who had more significant fear 
avoidance belief and depression reported greater disability relative to their pain levels. However, 
this relationship has been shown to be mitigated by regular bouts of physical activity.74 There are 
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a lack of studies comparing the effect of resistance training on lumbar muscle morphology while 
also considering possible mediators of treatment effect such as anxiety and depression. To the 
best of our knowledge, the only study that has evaluated this relationship was a recent 
preliminary investigation by Berry et al51. Indeed, individuals with lower levels of depression 
and anxiety were found to have significant improvements in erector spinae CSA and fatty 
infiltration. However, this relationship was not seen for the multifidus muscle. There is an urgent 
need to further explore the impact of psychological factors on pain, disability, and muscle 
morphology as well as the effect of exercise interventions on these parameters. 
 
Sleep 

LBP also has adverse effects on sleep quality, although there is limited data currently 
available. Sezgin et al75 found that patients living with LBP scored significantly higher in the 
Pittsburgh Sleep Quality Index (PSQI) as compared to healthy controls indicating a higher level 
of sleep disturbance. They also found a positive relationship with sleep disturbance, LBP 
intensity, and reported disability. This is also an important area for future research.  
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Rationale  
Chronic, non-specific LBP is a highly prevalent and disabling condition. Firstly, while 

the literature generally supports the fact that exercise therapy has a positive effect on pain and 
disability, the effect size between different exercise interventions remained very small. A meta-
analysis by Hayden et al found core and stabilization exercises may be more effective than other 
exercise interventions for improving pain and disability in LBP patients, although when adjusted 
for dose and co-interventions, some interventions were no longer more successful.48 
Furthermore, while paraspinal muscle morphology (e.g., atrophy and fatty infiltration) and 
functional (strength, activation/contraction) deficits have been linked to LBP, there are mixed 
results as to what type of exercise is effective to elicit positive morphological and physiological 
adaptations. Although promising preliminary findings suggest that a combination of motor 
control training and lumbar strengthening may improve quality and function of the multifidus 
muscle,52 additional high-quality research is needed. It remains also unclear whether such 
physiological muscular changes and adaptations in muscle morphology and function, or both, are 
associated with improvements in clinical symptoms and functional outcomes.  
 

Secondly, it is recognized that psychological factors such as kinesiophobia, 
catastrophizing, anxiety, depression, and sleep disturbances can play a negative role on patients’ 
level of pain and related LBP- disability. However, very few studies have specifically examined 
how these factors may mediate changes in paraspinal muscle health and qualitative 
pain/functional outcomes in the context of exercise therapy interventions. Identifying such 
barriers to physical activity and improvement in function and disability is critical to mitigate the 
persistence of chronic LBP and warrants further attention.  
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Objectives 
 

1) The primary objective of this study is to examine the effects of combined motor control 
and strengthening exercises (targeted exercise intervention) on i) paraspinal muscle 
morphology (e.g., size, fatty infiltration) and ii) paraspinal muscle function (e.g., % 
thickness change during contraction, strength) patient with non-specific chronic LBP.  

 

2) Our second objective is to examine whether paraspinal muscle physiological 
changes/adaptations following the intervention are associated with improvement in pain, 
disability/function, kinesiophobia, catastrophizing, anxiety, depression, and sleep.  

  
 
Hypotheses 
 
Primary hypothesis: We hypothesize that after the exercise intervention, patients will have a 
significant increase in paraspinal muscle size, decrease in fatty infiltration, with concomitant 
increase in muscle strength and contraction.  
 
Secondary hypothesis: We also hypothesize that patients will show significant improvements in 
disability/function status, pain related fear (catastrophizing), kinesiophobia, depression, anxiety, 
and sleep outcomes. 
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Methods 
Study Design 

This study was a pre-test post-test study and was conducted at the PERFORM Centre, 
Concordia University. Though the focus of this study was on a combined motor control and 
isolated lumbar strengthening intervention, it is part of a larger randomized control trial (RCT) 
that compares the effects of this intervention with another group completing a general exercise 
program. The project was approved by the Research Ethical Committee of the Institution and the 
Central Ethics Research Committee of the Quebec Minister of Health and Social Services 
(# CCER-19-20-09).  
  
 
Participants 

A total of 25 participants were recruited for this project. This sample size was determined 
based on power calculation for the larger RCT (see sample size calculation below – p.24). The 
intervention occurred over 12 weeks with 2 supervised visits per week at the PERFORM Centre, 
Concordia University.  

 
 Table 1: Inclusion and exclusion criteria for participants. 

 
 
 
Recruitment 

Participants were recruited from the local university community through advertising as 
well as from the Quebec LBP Consortium. Participants expressing interest in the study were 
contacted by the study coordinator to confirm interest and enroll them in the study. Inclusion and 
exclusion criteria for participants are outlined in Table 1. 
 
 
 
 

Inclusion Criteria 
·      Chronic, non-specific LBP for a 

minimum of 3 months (with or without 
leg pain),  

·      Between the ages of 18 and 60 years old 
·      Speak either French or English 
·      Are currently seeking care for LBP 
·      Score either “moderate” or “severe” on 

the modified Oswestry Low Back Pain 
Questionnaire 

·      Do not engage in any sport or fitness 
training specifically for the lower back 
muscles either currently or 3 months 
before the start of the trial 

Exclusion Criteria 
·      Any evidence of nerve root 

compression or reflex motor 
sign deficits. 

·      Previous spinal surgery or 
vertebral fractures. 

·      Major lumbar spine structural 
abnormalities. 

·      Health conditions that prevent 
the safe participation in physical 
exercise as determined by the 
Physical Activity Readiness 
Questionnaire 
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Exercise Intervention  
The degenerative changes seen in the muscles of patients with LBP can be caused by 

poor motor control, which can lead to repetitive mechanical stress on surrounding structures, 
increasing the risk of instability, joint overloading, and pain.46 Therefore, the targeted 
intervention consisted of exercises that directly target the deep lumbar muscles, aiming to retrain 
proper motor control and coordination between the deep and global muscles, and to restore 
proper function and posture.59 The intervention was split into two phases: activation of the deep 
spinal muscles and functional rehabilitation. 
 
Phase 1: 

The initial phase started with an assessment of posture, breathing patterns, pelvic control, 
and muscle activation. The posture evaluation consisted of a visual scan from all sides with the 
participants standing and looking at the spinal curvatures, muscular imbalances, the plumb line, 
and any other forms of compensations. The movement of the spine during flexion and extension 
was also examined by asking the patient to tuck in their chin and slowly roll their spine as they 
reach to touch the floor. 
 

Participants were then guided through the process of finding their neutral pelvis and 
neutral spine. As most exercises will begin in a neutral pelvis position, it is important for the 
participants to find this position accurately so that muscles are in the optimal position to work. 
 

Breathing was assessed supine to examine and teach proper techniques. The participants 
were given the following instructions: breathe from your abdomen instead of your chest, 
abdomen should rise before the chest, both sides should expand equally and symmetrically, there 
should be no or minimal activation of accessory muscles (sternocleidomastoid and scalenes). 
This breathing pattern was incorporated into the exercises of both phases of the intervention. 
 

The motor control program was then guided by deficiencies found during the assessment. 
The primary focus was on activating or increasing the activity of multifidus and transverse 
abdominis muscles, both of which are important for proper function and dynamic stability of the 
spine. The goal was for the patients to be able to regain control and independent activation of the 
multifidus, transverse abdominis, pelvic floor muscles, and diaphragm (e.g., muscle commonly 
found to have a poor control) and reduce the activity of any global muscle identified to be 
overactive (e.g,. obliquus externus abdominis). This was completed in a variety of starting 
positions that progressed in complexity as the patient improved.  Before progressing to stage two 
the patient must have been able to meet the following criteria: complete ~10 repetitions while 
holding for 10 seconds, achieving activation with minimal feedback or cues, while maintaining a 
normal breathing pattern throughout the exercises. 
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Table 2: Transverse Abdominus Training Cues 
Transverse Abdominis Activation 

Positions ·      Start supine or crook-lying 
·      Find neutral pelvis 
·      Place fingers slightly medial and inferior to ASIS 

Cues ·      Try to pull your belly button down to the table 
·      Try to move your fingers together (medially) 

Ideal Response ·      Gradual increase in tension; 10-15% effort 
·      Symmetrical contraction 
·      No global muscle activation 
·      Normal breathing 
·      Able to hold 10 x 10seconds 

  
 
 
Table 3: Multifidus Training Cues 
Multifidus Activation 

Positions ·      Prone or on hands and knees (some people are better in one position to 
start) 

·      Fingers on either side of spinous process; evaluation of different spinal 
levels from T1/T2 to T5/S1 

Cues ·      Try to swell muscle up into my fingers 
·      Think about tilting pelvis without actually moving it 
·      Imagine tensing a cable from your pelvis up through your spine 

Ideal 
Response 

·      Symmetrical contraction 
·      No global muscle activation 
·      Normal breathing 
·      Able to hold 10 x 10seconds 
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Phase 2:  
This phase began once participants were able to adequately activate the multifidus and 

transverse abdominus muscles while starting to add low loads to the muscles, first into static 
positions and eventually into dynamic positions. The goals of this phase were to control lumbar 
position during movement, coordinate between deep and superficial muscles, and to progress to 
automatic activation of the deep muscles. Exercise difficulty and progression was achieved by 
moving participants into a more challenging position (e.g., supine to sitting), increasing the load 
(movement of limbs), and introducing the need for dynamic stability (moving to unstable surface 
such as sitting on an exercise ball).  
 
Isolated Lumbar Extension Exercise - ILEX: 

All participants also completed lumbar extensor strength training running concurrently 
with the motor control exercises (MC+ILEX). This training was completed on the MedX 
machine at the PERFORM Centre. Their one repetition maximum (1RM) was recorded during 
the baseline testing. They performed 2 sets of 15 to 20 repetitions of lumbar extension at 55% of 
their 1RM as determined by the baseline testing. Progressions occurred once the patient was able 
to complete 20 repetitions without failure. For each progression, the load was then increased by 
5%.67 The unique pelvic stabilization system of the MedX lumbar extensor machine, shown in 
figure 1, allowed for isolated testing and strengthening of the lumbar extensor muscles through 
full range of motion in the flexion-extension plane of movement. Pelvic stabilization and lower 
body restraints eliminated the activation of synergistic and compensatory muscles, such as the 
glutes and hamstrings, allowing for true lumbar extensor strengthening. 
 

/  
 Figure 3: MedX Lumbar Extension machine 
 
 
Primary outcome 
The primary outcome measures were collected from all participants at baseline, 6 weeks, and at 
the conclusion of the study (12 weeks):  
  
MRI assessment of paraspinal muscle morphology 
The cross-sectional area (CSA) and fatty infiltration of the multifidus and erector spinae muscles 
from lumbar vertebrae of L4-L5 and L5-S1 levels was examined with an axial IDEAL fat-water  
(lava-flex, 2-echo) sequences obtained using a 3-Tesla GE MRI machine. The cross-sectional 
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area of the muscle was measured on 3 slices at each level: upper endplate, mid disk, and lower 
endplate. Once obtained, we calculated the left and right mean CSA of the paraspinal 
muscles.20,28 Similarly, muscle composition was assessed on 3 slices for each level (e.g., L4-L5 
and L5-S1) using IDEAL axial water and fat images. The percent-fat signal fraction of the 
muscles using the following equation:  %FF=(Signalfat/[Signalwater+SignalFat]x100) was 
calculated for each muscle at both spinal levels, and the mean value from the 3 analyzed slides 
per level was used in the analysis.  
 
Secondary Outcomes 
Ultrasound assessment of multifidus function 
The multifidus muscle thickness at rest and during submaximal were evaluated by examining the 
changes in the multifidus muscle during contralateral arm lifts. The thickness of the multifidus 
was assessed using an Aixplorer (Supersonic Imagine, Aix-en-Provence, France) ultrasound 
machine with and SL10-2 curvilinear transducer with 5 MHz frequency. Measurements at rest 
and during submaximal contractions were performed 3 times on each side in a prone position. 
Submaximal contraction was assessed by instructing the participant to lift their arm while 
holding a handheld weight (e.g., based on subject’s body weight) while the evaluator examined 
the contralateral multifidus using the ultrasound.24,34 The thickness change in the multifidus 
between rest and contracted was calculated using the following equation: %thickness 
change=(thicknesscontracted–thicknessrest)/thicknessrest)x100. All three acquired images for each 
side were analysed and the mean value was used in the analysis. This method of assessing 
multifidus using ultrasound is both reliable and valid as demonstrated by previous studies.34,76 
  
Lumbar extensor muscle strength  
Lumbar extensor muscle strength was assessed with the use of the MedX lumbar extension 
machine. The participants hips, knees, and pelvis were secured to the machine ensuring isolation 
of the lumbar extensor muscles with the axis of movement being fixed between vertebral levels 
L5-S1. This dynamometer assessed isometric lumbar extension muscular strength (torque) in a 
seated position and accommodates the dynamic resistance through a full 72° range of motion 
(ROM). Therefore, maximum lumbar extension torque was assessed as maximum voluntary 
isometric contraction (MVIC) in lumbar extensor muscle strength in seven positions: 72°, 60°, 
48°, 36°, 24°, 12° and 0° of flexion.77,78 Participants will be seated and positioned in the 
equipment; initial testing was performed to verify any limitations in their ROM and adjustment 
for the counterweight.78 Participants first performed a slow controlled warm up for ~1 minute, 
and then the maximum strength test began.78 The examiner provided verbal encouragement to 
encourage participants to generate maximum torque. The movement arm of the MedX machine 
was attached to a load cell that was interfaced with a computer, that calculated and recorded 
torque measurements at each angle.   
 
Patient/Self-reported Outcomes  
Self-reported measures were obtained at baseline, 6-weeks and 12-weeks with the use of self-
reported questionnaires as outlined in Table 4. 
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Table 4: Secondary measures and their corresponding questionnaires. 
Measure Questionnaire 

Disability/function status Oswestry Low Back Pain Disability Index 

Health status SF-12 Item Health Survey 

Level of physical activity The International Physical Activity 
Questionnaire 

Pain Numerical pain rating scale (visual analogue 
scale) 

Pain related fear including 
catastrophizing 

The Pain Catastrophizing Scale 

Kinesiophobia Tampa Scale of Kinesiophobia 

Depression and anxiety The Hospital Anxiety and Depression Scale 

Sleep Quality Insomnia Severity Index 

 
Oswestry Low Back Pain Disability Index (ODI) 

The ODI is used to measure the patient’s level of self-reported disability in relation to 
LBP. It is a 10-item scale in which each item is rated from 0-5, where 0 means that their pain 
does not influence that situation and a score of 5 indicates severe disability. The categories 
included in the questionnaire are pain, walking, lifting, sitting, standing, personal care, sleeping, 
travel, sex life, and social life. Scores are categorized as minimal, moderate, severe, crippled, or 
bed bound. The ODI has shown good reliability and validity, and therefore is considered to be 
the gold standard of measuring disability related to low back pain.79 
 
 
SF-12 Item Health Survey 

The 12-item Short Form Health Survey (SF-12) is the condensed form of the previous 36-
item survey and is used to assess a patient’s health-related quality of life. The 12-item survey 
consists of 8 domains that assess both physical and mental components of health.  
 
1) Limitations in physical activities because of health problems.  
2) Limitations in social activities because of physical or emotional problems  
3) Limitations in usual role activities because of physical health problems  
4) Bodily pain  
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5) General mental health (psychological distress and well-being)  
6) Limitations in usual role activities because of emotional problems  
7) Vitality (energy and fatigue)  
8) General health perceptions 
 

Scores from each of the twelve questions are combined to give an overall score between 
0 and 100, with a score of 100 indicating the highest level of health. Given that this is a 
condensed version of a longer and established questionnaire, it has been extensively tested and 
shown to be both reliable and valid.80,81 
 
The International Physical Activity Questionnaire (IPAQ) 

The IPAQ is a self-reported log of physical activity (METs based on intensity) in minutes 
per week over a span of 7 days. The level of physical activity is rated either vigorous (8 MET), 
moderate (4 MET), walking (3.3 MET) and sitting/rest (1 MET) and must be assigned to the 
right category. The number of minutes per category is then added up and results are classified as 
high, moderate, or low physical activity based on the total MET minutes. This measure has been 
deemed both reliable and valid.82 
 
Numerical pain rating scale (NPR):  

The NRP for pain is a self-reported rating system for pain intensity. Ratings range from 0 
to 10 with 0 being no pain, 1-3 being mild pain, 4-7 being moderate pain, and 8-10 being 
extreme pain. This is a very basic scale that has excellent reliability and validity in addition to 
being very user friendly. It is also able to detect statistical and clinically significant changes in 
perceived pain.83 
 
The Pain Catastrophizing Scale (PCS) 

The PCS is a 13-item questionnaire that assesses the participant’s level of 
catastrophizing. Each item is rated from 0-4 for a possible total of 52. The questionnaire focuses 
on three domains that have been used to describe catastrophizing: attentional focus on pain 
related thoughts (rumination), exaggeration of painful stimuli (magnification), and adopting a 
hopeless orientation with coping (helplessness). The higher the score, the higher the level of 
catastrophizing, with scores above 30 being clinically significant. This scale is both reliable and 
valid.84 
 
Tampa Scale of Kinesiophobia (TSK) 

The TSK measures the intensity of ones’ fear of movement or reinjury in the presence of 
pain. It contains 11 phrases related to kinesiophobia, such as “I’m afraid I might injure myself if 
I exercise”, with each rating as a Likert scale from 1 to 4. The scores range between 11 and 44 
with increasing scores showing increased levels of kinesiophobia. This measure has been shown 
to have high reliability and validity.83 
 
The Hospital Anxiety and Depression Scale (HADS) 

The HADS is a 14-item questionnaire used to assess a patient’s level of depression and 
anxiety and was designed for a hospital outpatient setting. 7 items are related to depression while 
the other 7 relate to anxiety. Cognitive, behavioural, and emotional symptoms are covered in the 
questionnaire. Each item is rated from 0-3 with either depression or anxiety having scores 
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between 0 and 21 with 21 being the highest level possible. Scores for either domain between 0 
and 7 are classified as normal, 8 to 10 as borderline, and 11 to 21 as abnormal or elevated. The 
HADS has been found to be both reliable and valid.85 
 
Insomnia Severity Index (ISI) 

The insomnia severity index is used to assess self-reported quality of sleep. It contains 7 
questions than consider the ability to fall asleep, the ability to stay asleep, and effects on daily 
life. Each question is rated with a Likert-scale from 0-4, with lower ratings indicating a higher 
quality of sleep. Scores between 0 and 7 indicating no clinically significant insomnia, 8 to 14 
indicating subthreshold insomnia, 15 to 21 indicating moderate insomnia, and 22 to 28 indicating 
severe insomnia. Fourteen has been commonly used as the cut-off score to detect primary 
insomnia. The ISI has shown to be reliable and valid.86 
 
 
Analysis 
Sample size 

Sample size calculation was determined by using the effect size (e.g., multifidus muscle 
CSA) measurements following a motor-control exercise intervention) from a previous study.55 

The mean effect size (over 4 different spinal levels – see below) was calculated and used for 
sample size estimation (e.g. previously reported effect size (95% CI) for each spinal level; 
L2=0.87(0.20,1.54); L3=0.90 (0.19,1.62); L4=1.00(0.32, 1.67), and L5=0.81(0.10,1.53)).55 Pre-
post results were considered as independent (independent from two groups) to concur with the 
study design and analysis of the larger RCT (e.g. between-group factor). Therefore, sample size 
estimation of n=25 per group was calculated with the G*power software (mean difference, 
independent t-test) on the basis of a mean effect size 0.90, 80% power and a significance level of 
alpha 0.05, and allowing for a 10% lost to follow-up and 10% treatment non-adherence. 
 
Statistical Analysis 

Descriptive statistics were obtained for both the primary and secondary measures. A one-
way repeated measure analysis of variance (ANOVA) was used to examine the changes in 
paraspinal muscle morphology, extensor muscle strength and secondary outcome measures (e.g., 
self-reported questionnaires) over the 3 times points. The level of significance was set at p=0.05. 
Pearson correlation and Spearman correlations (e.g., for data that was not normally distributed) 
were used to examine if changes in paraspinal muscle morphology and function were associated 
with variations (changes) in secondary outcome measures. Interpretation of the strength in 
correlations was based on Cohen’s conventions, where 0.10, 0.30, and 0.50 are considered small, 
moderate, and strong correlations, respectively.87 
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Results 
Demographics 

195 potential participants expressed interest to take part in the larger two-arms RCT. 
Thirty-eight chose not to participate for personal reasons or did not maintain contact to be 
screened. 103 people were excluded due to not meeting the criteria, with the most common 
reason being having too low scores on the ODI, with second most common being having a 
known spine abnormality. Four were initially enrolled but then excluded due to spinal 
abnormalities appearing in baseline MR imaging.  

A total of 50 participants were recruited and randomly assigned to each group (n=25 in 
each group). All 25 participants (Table 5) assigned to the motor control and isolated lumbar 
extension strengthening (MC+ILEX) intervention completed 12 weeks (e.g. no drop-out). As a 
group, there was a large variability in self-reported low back pain (LBP), with the average length 
of LBP being reported as 73.5 ± 82.8 months. Over the course of the intervention, participants 
averaged an attendance of 22 sessions out of the expected 24. Four participants reported 
unrelated pain/injury during the intervention and 10 participants reported exercise related muscle 
soreness after training sessions. Two participants reported receiving treatment for other 
conditions unrelated to LBP, and 4 participants reported receiving massage therapy at least once 
over the course of the intervention. 

 

Table 5: Mean ± standard deviation of demographic measures 

N=25 Baseline 6-week 12-week 
Age (years) 45.12 ± 10.6   
Gender (M:F) 4:21   
BMI (kg/m2) 26.1 ± 5.01   
LBP Length (months) 73.5 ± 82.8   
NPR (0-10) 5.23 ± 1.7 3.58 ± 1.8a 2.81 ± 1.8a 

ODI (%) 29.4 ± 9.8 22.96 ± 11.5a 19.08 ± 10.9a,b 

PCS 18.4 ± 12.6 13.0 ± 7.92a 10.3 ± 9.5a 

TSK 26.9 ± 7.5 23.76 ± 7.4a 21.83 ± 7.2a,b 

SF-12 Physical 38.26 ± 8.0 42.40 ± 7.4 45.20 ± 7.8a 

SF-12 Mental 48.84 ± 8.2 46.99 ± 9.1 49.34 ± 12.8 
HADS – Anxiety 9.08 ± 3.8 7.96 ± 4.1a 7.17 ± 5.28a 

HADS – Depression 5.76 ± 3.1 6.48 ± 3.8 4.75 ± 4.19b 

ISI 11.88 ± 6.8 9.56 ± 6.8 9.33 ± 6.20 
a Significant difference from baseline 

b Significant difference from 6 to 12-week measurements 

 

Effect of MC+ILEX on Self-Reported Outcomes 

There were significant improvements between baseline and the 6 and 12-week timepoints 
in self-reported pain levels (NPR; p<0.001), function (ODI, p<0.001), catastrophizing (PCS, 
p=0.009, p=0.001), kinesiophobia (TSK; p=0.002, p=0.001) and anxiety (HADS Anxiety; 
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p=0.048, p=0.036) (Table 1). There were also significant improvements in physical health (SF-
12 physical; p=0.004) from baseline to 12 weeks and depression (p=0.012) between the 6- and 
12-week measurements. 

 

Effect of MC+ILEX on Muscle Cross Sectional Area (CSA) 

There was a significant increase in multifidus muscle CSA between baseline and 6-week, 
baseline and 12-week, and between 6-week and 12-week measurements at L4/5 on the left and 
right (all p<0.001) side (Table 6). Results were similar at S1-L5 level, with significant 
improvement in CSA on the left and right sides, apart from the right multifidus muscle where no 
change was found between baseline and 6-week measurements.  

With regards to the erector spinae muscle, there was a significant increase in CSA at each 
time point at L4/5 on the left side (p=0.013, p<0.001, p=0.003) and between baseline and the 6 
and 12-week on the right side (p=0.024, p=0.006). There was a significant increase in CSA at 
each time point at L5/S1 on the right (p<0.001) and left (p=0.007, p<0.001, p=0.005) sides 
(Table 7).  The overall change in multifidus and erector spinae CSA (mean of right and left side) 
from baseline to post-intervention at each level are presented in Figure 4 and 5.  

 

Table 6: Change in Multifidus CSA (cm2) (mean±SD, range) at each time point.  

 Left Right  
 Baseline 6-week 12-week Baseline 6-week 12-week 
L4-L5 9.57 ± 1.68a, b, c 

(8.86 to 10.28) 
9.90 ± 1.75 
(9.16 to 10.64) 

10.32 ± 1.83 
(9.55 to 11.09) 

9.41 ± 1.61a, b, c  

(8.74 to 10.09) 
9.75 ± 1.69  
(9.04 to 10.47) 

10.13 ± 1.73  
(9.40 to 10.86) 

L5-S1 11.48 ± 2.15a, b, c 

(10.57 to 12.38) 
11.76 ± 2.18 
(10.84 to 12.68) 

12.22 ± 2.24 
(11.29 to 13.17) 

11.23 ± 1.73b, c 

(10.50 to 11.96) 
11.45 ± 1.75 
(10.71 to 12.19) 

11.94 ± 1.77 
(11.20 to 12.69) 

a Significant difference (p≤0.05) between baseline and week 6.                           
b Significant difference (p≤0.05) between baseline and post intervention                                         
c Significant difference (p≤0.05) between week 6 and post intervention 

 

Table 7: Erector Spinae CSA (cm2), (mean±SD, range) at each time point. 

 Left Right 
 Baseline 6-week 12-week Baseline 6-week 12-week 
L4-L5 16.28 ± 4.20a, b, c 

(14.51 to 18.06) 
16.86 ± 4.09 
(15.13 to 18.59) 

17.60 ± 4.13 
(15.86 to 19.35) 

16.11 ± 3.84a,b 

(14.488 to 17.73) 
16.74 ± 4.07  
(15.02 to 18.46) 

17.15 ± 3.79  
(15.55 to 18.75) 

L5-S1 11.06 ± 4.10a, b, c 
(9.33 to 12.79) 

12.11 ± 4.05 
(10.39 to 13.82) 

12.93 ± 4.38 
(11.08 to 14.77) 

10.77 ± 4.07a, b, c 
(9.05 to 12.48) 

11.85 ± 4.01  
(10.16 to 13.55) 

12.77 ± 4.11  
(11.05 to 14.51) 

a Significant difference (p≤0.05) between baseline and week 6.                           
b Significant difference (p≤0.05) between baseline and post intervention                                         
c Significant difference (p≤0.05) between week 6 and post intervention 
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Figure 4: Overall changes in multifidus CSA (mean right and left sides) at L4-L5 and L5-S1 
levels. Significant changes (* p<0.05) were identified from baseline to 6-week, 6-week to 12-
week and from baseline to 12-week. Data is presented as mean±standard deviation.  

 

 
Figure 5: Overall changes in erector CSA (mean right and left sides) at L4-L5 and L5-S1 levels. 
Significant changes (* p<0.05) were identified from baseline to 6-week, 6-week to 12-week and 
from baseline to 12-week. Data is presented as mean±standard deviation.  
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Effect of MC+ILEX on Fatty Infiltration (%Fat Fraction) 

There was no significant change in multifidus %FF at L4-L5 (Table 8) over the course of 
the intervention. However, a significant increase in multifidus %FF was observed at L5/S1 on 
the right side between baseline and 6-week (p=0.021) and between baseline and 12-week 
(p=0.017). With regards to the erector spinae muscle (Table 9), there was a significant decrease 
in %FF fatty at L5/S1 on the left side between baseline and 6-week (p=0.006) and 12-week 
(p=0.002) and on the right between baseline and 12-week (p=0.012). Due to technical issues, 4 
sets of IDEAL images were unable to be reconstructed, and therefore fat fraction was unable to 
be calculated, limiting the sample size to 21 for this measure. The overall change in multifidus 
and erector spinae %FF (mean of right and left side) from baseline to post-intervention at each 
level are presented in Figure 6 and 7.  

 

Table 8: Multifidus %FF, (mean±SD, range) at each time point. 

 Left Right 
 Baseline 6-week 12-week Baseline 6-week 12-week 
L4-5 27.12 ± 11.66 

(21.66 to 32.58) 
27.01 ± 11.88 
(21.45 to 32.57) 

26.32 ± 11.46 
(20.95 to 31.68) 

27.59 ± 11.74  
(22.07 to 33.06) 

27.69 ± 12.03  
(22.06 to 33.32) 

26.37 ± 11.41 
(21.03 to 31.71) 

L5-S1 28.81 ± 10.67 
(23.82 to 33.80) 

28.97 ± 10.54 
(24.04 to 33.91) 

29.33 ± 10.34 
(24.49 to 34.17) 

29.31 ± 11.30a, b 
(24.02 to 34.60) 

31.10 ± 10.49  
(26.19 to 36.01) 

31. 49 ± 10.14 
(26.75 to 36.24) 

a significant difference (p≤0.05) between baseline and week 6.                           
b Significant difference (p≤0.05) between baseline and post intervention                                         
c Significant difference (p≤0.05) between week 6 and post intervention 

 

Table 9: Erector Spinae %FF, (mean±SD, range) at each time point. 

 Left Right 
 Baseline 6-week 12-week Baseline 6-week 12-week 
L4-L5 35.93 ± 10.67 

(30.94 to 40.93) 
35.47 ± 9.99 
(30.80 to 40.15) 

36.30 ± 9.73 
(31.75 to 40.86) 

38.64 ± 12.07  
(32.99 to 44.29) 

38.53 ± 12.38  
(32.74 to 44.32) 

37.67 ± 11.80 
(32.15 to 43.19) 

L5-S1 44.94 ± 8.46a,b 
(40.98 to 48.90) 

42.29 ± 9.35 
(37.92 to 46.67) 

42.69 ± 9.02 
(38.48 to 46.92) 

44.71 ± 9.55a,b 

(40.24 to 49.17) 
42.63 ± 10.18 
(37.87 to 47.40) 

42.58 ± 9.62  
(38.08 to 47.08) 

a significant difference (p≤0.05) between baseline and week 6.                           
b Significant difference (p≤0.05) between baseline and post intervention                                         
c Significant difference (p≤0.05) between week 6 and post intervention 
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Figure 6: Overall changes in multifidus % fat fraction (mean right and left side) at L4-L5 and 
L5-S1 levels. Significant changes (* p<0.05) were identified from baseline to 6-week and from 
baseline to 12-week at L5-S1. Data is presented as mean±standard deviation.  

 

 

Figure 7: Overall changes in multifidus % fat fraction (mean right and left side) at L4-L5 and 
L5-S1 levels. Significant changes (* p<0.05) were identified from baseline to 6-week and from 
baseline to 12-week at L5-S1. Data is presented as mean±standard deviation.  
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Effect of MC+ILEX on Multifidus Thickness and Function 

There was a significant increase in multifidus thickness at L4 on the left side between baseline 
and 6-week (p=0.001) and 12-week (p<0.001), and on the right side between baseline and 6- 
week (p<0.001) and 12-week (p<0.001) (Table 10). At the L5 level, significant improvements in 
thickness were observed between every time point, on both sides (p<0.001). There were no 
significant differences in thickness % changes between resting and contracted states of the 
multifidus muscle at any timepoints (Table 11). The overall change in multifidus thickness and 
% thickness change (mean of right and left side) from baseline to post-intervention at each level 
are presented in Figure 8 and 9. 

 

Table 10: Multifidus Thickness (cm), (mean±SD, range) at each time point. 

 Left Right 
 Baseline 6-week 12-week Baseline 6-week 12-week 
L4 2.91 ± 0.45a, b 

(2.73 to 3.11) 
3.02 ± 0.47  
(2.84 to 3.22) 

3.11 ± 0.42  
(2.93 to 3.28) 

2.80 ± 0.40a, b 

(2.64 to 2.97) 
2.96 ± 0.38 
(2.81 to 3.12) 

3.07 ± 0.44 
(2.88 to 3.25) 

L5 2.79 ± 0.43a, b, c 
(2.61 to 2.97) 

2.94 ± 0.45 
(2.75 to 3.13) 

3.02 ± 0.48  
(2.83 to 3.22) 

2.68 ± 0.47a, b, c  
(2.48 to 2.87) 

2.85 ± 0.47  
(2.66 to 3.04) 

2.95 ± 0.44  
(2.77 to 3.13) 

a Significant difference (p≤0.05) between baseline and week 6.                           
b Significant difference (p≤0.05) between baseline and post intervention                                         
c Significant difference (p≤0.05) between week 6 and post intervention 

 

Table 11: Multifidus Thickness Change (%), (mean±SD, range) at each time point. 

 Left Right 
 Baseline 6-week 12-week Baseline 6-week 12-week 
L4 15.13 ± 8.29  

(11.71 to 18.55) 
15.24 ± 6.83 
(12.42 to 18.06) 

16.49 ± 7.68 
(13.32 to 19.66) 

17.07 ± 7.19 
(14.10 to 20.04) 

15.91 ± 6.89 
(13.07 to 18.75) 

16.03 ± 7.00 
(13.14 to 18.92) 

L5 12.95 ± 8.07  
(9.61 to 16.28) 

12.63 ± 6.25 
(10.05 to 15.21) 

12.84 ± 7.04 
(9.94 to 15.75) 

12.61 ± 9.06  
(8.87 to 16.35) 

10.72 ± 5.52  
(8.44 to 13.00) 

11.44 ± 4.97  
(9.39 to 13.49) 
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Figure 8: Overall changes in multifidus thickness (mean right and left side) at L4 and L5 levels. 
Significant changes (* p<0.05) were identified from baseline to 6-week, 6-week to 12-week and 
from baseline to 12-week. Data is presented as mean±standard deviation. 

 

 
Figure 9: Overall changes in multifidus % thickness change (mean right and left side) at L4 and 
L5 levels. No significant changes (* p<0.05) were identified between any timepoints. Data is 
presented as mean±standard deviation. 

Effect of MC+ILEX on Lumbar Extensor Strength 

There were significant increases in lumbar extensor strength between all timepoints (p=0.008, 
p=0.005, p<0.001). However, due to technical difficulties with the load cell of the MedX, we 
were unable to complete strength tests for some participants over a period of a few weeks, 
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therefore our sample size for strength measurements were limited to 15 participants who had 
complete strength measurements at all time points. 

  
Figure 10: Overall changes in lumbar extensor strength. Significant changes (* p<0.05) were 
identified from baseline to 6-week, 6-week to 12-week and from baseline to 12-week. Data is 
presented as mean±standard deviation. 

 
Correlation between muscle morphology and clinical outcomes 
Pearson correlations between changes (from baseline to 12-week) in muscle morphology 
(primary outcomes) and changes in self-reported measures (secondary outcomes) are reported in 
table 12. 
 
Table 12: Correlations between changes in muscle morphology and changes in secondary 
outcomes 

 ∆NPR ∆ODI ∆PCS ∆TSK ∆HADS-A ∆HADS-D ∆SF12-M ∆SF12-P ∆ISI 
∆MF CSA L4/5 -0.49a -0.15 -0.20 -0.09 0.06 -0.34 0.12 0.34 -0.24 
∆MF CSA L5/S1 -0.12 -0.21 -0.24 -0.16 -0.03 -0.07 0.03 0.01 -0.37 
∆ES CSA L4/5 0.11 0.07 -0.07 -0.07 -0.08 -0.02 0.24 -0.16 0.46a 

∆ES CSA L5/S1 -0.22 -0.35 -0.17 -0.31 -0.41a -0.38 0.03 0.23 -0.42a 

∆MF FF L4/5 -0.06 0.11 0.03 0.13 -0.08 -0.08 0.19 -0.27 0.26 
∆MF FF L5/S1 0.06 0.57b 0.08 -0.03 0.01 -0.12 -0.17 -0.57b 0.22 
∆ES FF L4/5 -0.15 0.31 -0.09 0.04 -0.07 -0.35 0.05 -0.13 0.35 
∆ES FF L5/S1* -0.03 0.06 0.09 0.30 0.21 0.13 -0.17 0.01 -0.32 
∆MF Thickness 
L4 

-0.15 -0.15 -0.23 0.04 0.03 -0.09 -0.04 0.13 0.20 

∆MF Thickness 
L5 

-0.11 0.04 -0.12 -0.11 0.03 0.03 -0.12 0.10 -0.04 

∆Strength -0.55a 0.22 0.03 -0.05 -0.33 -0.33 0.03 -0.01 -0.03 
* Indicates the data is not normally distributed and spearman correlation is used  
a Indicates p<0.05 
b Indicates p<0.01 
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Discussion 
 

The purpose of this study was to examine the effects of a combined motor control and 
targeted lumbar extension strengthening intervention on paraspinal muscle morphology in people 
with chronic, non-specific low back pain. We hypothesized that after the intervention, 
participants would have a significant increase in paraspinal muscle CSA, decrease in fatty 
infiltration, and increased thickness and function. Our data demonstrated mixed results with 
these variables, which is overall consistent with the findings from previous studies.51–53  

 

Cross Sectional Area (CSA) 

In accordance with our hypothesis, significant increases in multifidus CSA were observed 
on both the left and right sides across all measured timepoints. Similar increases were seen in the 
erector spinae muscle except for at L4/5 on the right side. Previous studies have found varying 
results when it comes to how exercise interventions influence the size of the multifidus and 
erector spinae muscles in the LBP population.51–53 Our results demonstrated consistent increases 
in paraspinal muscle size, which may be due to the unique nature of our intervention. Increases 
in erector spinae muscle size fall above the minimal detectable change of 100mm2 indicating it 
was a true change and not due to possible measurement error.88 For the multifidus, although the 
changes did not pass the level of minimal detectable change, many were close, falling just below 
that threshold so it is still possible to be true change and not measurement error. 

Most studies used free-weight or machine-based exercises that did not include pelvic 
stabilization. Smith et al (2011) found that adding pelvic stabilization to lumbar extension 
training significantly increases lumbar strength compared to individuals completing the same 
training without the stabilization, indicating that pelvic stabilization allows for greater isolation 
and loading of the lumbar extensor muscles.65 As such, pelvic stabilization may be a key 
component to lead significant gains in muscle strength and related CSA.   

A study by Berry et al. examined the effects of an isolated lumbar extension training 
program with the MedX machine on lumbar paraspinal muscle morphology. They found no 
significant increases in multifidus CSA, which is contradictory to our findings.51 The main 
difference between their protocol and ours was the inclusion of motor control training for the 
multifidus and transverse abdominus. It has been well documented that chronic LBP can lead to 
deactivation and dysfunction of the multifidus muscles along with concurrent overcompensation 
of the erector spinae and other large trunk muscles.13 We combined motor control training at the 
same time as the strength training with the goal of restoring muscle function, therefore 
improving recruitment and allowing for adequate load on the muscles to hypertrophy. Solely 
completing resistance training of the trunk or lower body may not be enough to overload the 
multifidus if they aren’t being actively and properly recruited. Berry et al. did not look at the 
effect of MedX training on the size and composition of the erector spinae. It is possible that in 
their study, since there was no motor control training, the erectors were doing most of the work 
during the training instead of having a balanced contribution between both sets of muscles. 

Although there are no studies to our knowledge that combined motor control and isolated 
lumbar extension exercises, a review by Shahtahmassebi et al. did examined the effects of other 
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exercise interventions on paraspinal morphology across different populations, including LBP.52 
They found positive evidence of increased multifidus size when looking at interventions 
combining motor control exercises with some form of strength training. However, many studies 
focused on young and/or athletic populations who were also competing in other sports at the time 
of the intervention, and thus the results cannot be generalized to the general LBP population.52 

 

Fatty Infiltration 

In contrast to the CSA and thickness measurements, there was relatively few significant 
differences in fat fraction values across all muscles and time points. There were only significant 
decreases in fatty infiltration in the left and right erector spinae at L5/S1 between baseline and 
post intervention measurements. Our higher baseline values in the erector spinae muscles, 
especially at L5/S1 may be the reason for our significant findings. As there was a higher 
percentage of fat in the muscles, there was a greater room for improvement and therefore a 
higher likelihood of significant changes. Some previous studies have reported similar %fat 
fraction measurements51 while others had lower values53. Possible reasons for these large 
variations could be measurement protocol. Inclusion or exclusion of epimuscular fat bands can 
greatly influence %fat fraction measurements. Age, sex, and weight (BMI) can also affect the 
amount of fat in the erector spinae muscles, so variations in study populations could also be a 
factor26 

The lack of significant findings in generally consistent with the few limited number of 
studies examining the effect of resistance training on paraspinal muscles, where negligible 
changes were seen in fatty infiltration of the multifidus muscles. There was large variability in 
baseline values, with some participants starting as low as 9% and as high as 46%. Overall, some 
participants saw larger decreases in fatty infiltration while others did not, which may have led to 
a muted overall effect. 

A study by Welch et al. looked at the effects of a free-weight exercise program on 
paraspinal CSA and fatty infiltration.53 To our knowledge, they are the only study that has 
reported significant decreases in multifidus fatty infiltration using T2-weighted images. In 
comparison, Berry et al. found no significant differences in multifidus fatty infiltration using T1-
weigthed images.51 A possible cause in the variability of findings between studies could be the 
measurement protocol used. Currently there is no standard method for measuring the amount of 
fat in the paraspinal muscles and the use of different methods could account for the varying 
results. To our knowledge, this is the first study to use IDEAL fat/water images to measure fatty 
infiltration of the paraspinal muscles, and it is currently the best-known method. Furthermore, by 
using the mean of three slices per level rather than a single slice provides a more accurate 
assessment of overall changes. 

Another consideration when comparing to other studies is how the region of interest was 
measured. We included the epimuscular fat band when present, while other studies have not, 
which may lead us to having a higher fat percentage than other studies. Furthermore, there are 
many other factors that are known to potentially modulate the morphology and quality of these 
muscles. Our population was primarily female, and our mean age was higher than the previous 
studies, both which can influence muscle composition and how the muscles adapt to an exercise 
intervention. Larger sample sizes with a more balanced population will help clarify if our results 
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are due to the variation in our sample and if they can be generalized to both males and females. 
Furthermore, transparency on imaging and measurement techniques in other studies will allow 
for direct comparison in results, as currently many studies use a large variety of techniques, and 
they frequently aren’t described in the articles. 

 

Multifidus Thickness and Function 

In accordance with our results for the CSA measurements, we observed significant 
increases in multifidus thickness at L4 and L5 on both sides between baseline and post-
intervention. These changes were also significant at the midpoint mark as well, indicating that 
morphological changes start to occur early in the exercise program. These values fell above the 
minimal detectable change of 3.6mm for resting thickness, indicating it was a true change and 
not due to measurement error.88 This is consistent with previous studies examining the effect of 
motor control exercises on multifidus thickness. Kehinde et al. found increases in multifidus 
thickness after completion of an 8-week stabilization intervention and that these changes were 
similar to groups completing stabilization exercises paired with other modalities at the same 
time.89 A review by Pinto et al. examined 4 studies that looked at changes in multifidus thickness 
after motor control exercises and found significant increases, although they failed to reach 
minimal detectable change.88 

When calculating the percent thickness change between rest and contraction, we found no 
significant differences. Very few studies have examined the effect of motor control training on 
percent thickness change of multifidus muscles in LBP populations.88 One study by Lariviere et 
al. also found no increases in multifidus activation following an 8-week lumbar stabilization 
program. However, during measurement they had participants complete a voluntary contraction 
of the multifidus rather than an involuntary contraction, which could account for the lack of 
change as it is a difficult task to accomplish after a short period of training.  

Generally, the thickness change in a muscle is an indication of muscle function, however, 
since the multifidus muscles are dynamic stabilizers, they normally function in a submaximal 
state, similar to the contraction during the image acquisition. A combination of increased muscle 
size, as seen with increased CSA and thickness, as well as more efficient recruitment and 
activation that was targeted by the motor control portion of the intervention, it is possible the 
muscles are working more efficiently despite having an insignificant difference in the measure 
for muscle function. Furthermore, measurements were taken from the best quality images. 
Therefore, this data does not indicate the timing of the muscle activation, which has been shown 
to be an important factor in muscle function and LBP. 

 

Strength 

As predicted, our participants saw significant increases in lumbar extensor strength 
between baseline and the conclusion of the intervention. Many studies have looked at changes in 
lumbar extensor strength after completing a training program on the MedX and seen 
improvements in strength. To our knowledge, only one other study has looked at the effects of 
isolated lumbar extensor training with the MedX machine on lumbar paraspinal muscle 
morphology. Berry et al. also reported significant increases in strength after a 10-week high 
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intensity training program on the MedX.51 Our findings highlight that higher intensity exercise 
may not be necessary to see improvements in strength and function of the lumbar extensors, as 
we saw similar increases in strength while completing exercise starting at 55% of our 
participants 1RM, compared to the 80% 1RM completed in the previous study.51 This may be 
important for patients with chronic LBP who are more likely to be in a deconditioned state and 
may not be able to complete higher intensity training initially. Whether this specific training is 
more effective than traditional resistance training has yet to be seen, but our findings for the 
efficacy of ILEX are promising. As we also included a motor control portion to our intervention, 
it is also a possibility that these exercises could influence our strength outcomes. Currently we 
are unaware of any studies that have examined the effect of motor control exercises on lumbar 
extensor strength.  

 

Clinical Outcomes 

In addition to improvements in muscle size, thickness, and strength, our participants also 
had significant improvements in pain, disability, and psychological health. The significant 
improvements in physical health scores from the SF-12 by 6.94 points were above the minimal 
detectable change (MDC) of 3.77 and minimal clinically important difference (MCID) of 3.2990. 
For anxiety and depression with the HADS, the MCID is 1.791, and we had improvements above 
that cut-off for anxiety but not depression. However, our baseline values were quite low that not 
much change was expected. There is limited information on what changes in ODI (MDC=13.5-
16.7)92,93, TSK (MDC=8.4-12.3)94, and PCS (MDC=12.8; MCID=3.2-4.5)95,96 would have 
clinical significance for patients. Some studies indicate it depends on the subpopulation or 
baseline values, but overall has been mostly unreported97. Our values for all fell below their 
respective MDCs.  

The correlation between muscular strength improvements and clinical outcomes has been 
previously reported in a few studies. A review by Steele et al. found that most studies examined 
had significant correlations between increased extensor strength and decreases in pain and 
disability measured by the VAS and ODI, respectively.42  

Our study found a moderate negative correlation between changes in multifidus CSA at 
L4-5 and changes in pain (r=-0.49, p=0.016), and a strong negative correlation between changes 
in extensor strength and changes in pain (r=-0.55, p=0.035). This indicates that as muscle size 
and strength increases, participants were reporting lower pain levels. These were similar findings 
in a review by Steele et al, where many but not all studies found correlations between extensor 
strength and pain levels42. The difference is that we looked at the correlation between changes in 
these values, whereas Steele et al. only had studies that compared the mean or peak values.  

There was a strong positive correlation between changes in multifidus %fat fraction at 
L5-S1 and changes in disability (r=0.59, p=0.009). To our knowledge, no studies have looked at 
the correlations between muscle morphology and disability. Limited previous studies have 
primarily focused on functional and performance outcomes and how they correlate with pain and 
disability42. 

There was also a strong correlation between changes in SF-12 physical scores and 
changes in multifidus %fat fraction at L5-S1 (r=-0.57, p=0.008). There were moderate 
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correlations between changes in erector CSA at L5-S1 and anxiety (r=-0.41, p=0.045). Finally, 
there were moderate correlations between changes in sleep scores (ISI) and changes in erector 
CSA at L4-5 (r=0.46; p=0.025) and L5-S1 (r=-0.42; p=0.042). To our knowledge we are not 
aware of any other studies that have looked at these correlations for us to compare our results to.  

The benefits of exercise on mental health and related psychological factors are well 
known. Our findings further support that, as our participants saw significant improvements in 
catastrophizing, kinesiophobia, and anxiety. Relationships between changes in these factors and 
muscle health in LBP is still unknown. Our results indicate there may be a relationship between 
the changes fatty infiltration of both the multifidus and erector spinae muscles and LBP related 
disability, where individuals with larger decreases in %fat fraction measurements reported 
greater improvements in disability. Furthermore, it appears there may be a link between lumbar 
extensor strength and pain levels, as seen in the few previous studies that have examined this 
relationship.42 Our preliminary findings revealed significant relationships between paraspinal 
muscle health and other psychological factors that are known to be possible mediators in LBP. 

 

Implications of Findings 

Expanding our knowledge on how different exercise interventions affect muscle 
morphology in patients with LBP is important for clinical decision making when treating these 
individuals. Much of prior research on LBP focuses on pain and functional outcomes. Despite 
clear links between multifidus morphological degeneration and LBP, there is limited research 
assessing which exercise interventions may be best to combat these negative changes.  

Current research has consistently shown mixed results due to the complex nature of non-
specific LBP. Finding an optimal treatment has been unsuccessful so far. Our results suggest that 
an intervention combining motor control and isolated lumbar extensor training has the potential 
to be successful in improving a large variety of outcomes, both structural and clinical, in patients 
with chronic LBP.  

Future research with larger sample sizes and a better balance between males and females 
needs to be conducted to confirm and expand our results. Furthermore, our population consisted 
of solely physically inactive individuals, and while a large portion of people suffering from 
chronic LBP are physically inactive, there are also many active individuals such as athletes that 
can also suffer from chronic LBP as well. As detraining is a huge factor in whether an individual 
will undergo hypertrophy with resistance training, we are unable to generalize our results to that 
population. Further studies should be completed to see if active individuals will see the same 
results with this intervention. Furthermore, as we are one of the few studies to examine the 
correlation between extensor strength and pain/disability, and one of, if not the first to compare 
paraspinal morphology with functional outcomes and psychological factors, more studies need to 
be completed to further expand on our results. 

 

Limitations 

We were limited to a small sample size, which may have an influence on the lack of statistically 
significant results for certain variables. Furthermore, our sample was primarily female. It has 
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been well established that the muscular characteristics between males and females are different, 
so it will be harder to generalize our findings, particularly to males, as only four were included in 
this study. Due to technical errors, data was missing for some strength and %fat fraction 
measurements, further reducing our sample size for that data. 

 

Conclusion 

Overall, our results indicate that a LBP intervention combining motor control exercise and 
isolated lumbar extensor strength training can be successful in reducing pain and disability, 
increasing paraspinal muscle size and strength, and improving other psychological factors that 
have been linked with LBP. However, due to the novelty of this intervention and the many 
factors it encompasses, further research needs to be completed to confirm our results and 
strengthen our knowledge on how exercise affects muscle morphology and how it relates to the 
many outcomes related to LBP. 
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