
University of Calgary

PRISM Repository https://prism.ucalgary.ca

The Vault Open Theses and Dissertations

2013-04-29

Lumbopelvic Stability in Non-specific

Low Back Pain: Exploring the

Relationships between Hip

Strengthening, Lumbopelvic Mechanics,

and Pain

Kendall, Karen Dawn

Kendall, K. D. (2013). Lumbopelvic Stability in Non-specific Low Back Pain: Exploring the

Relationships between Hip Strengthening, Lumbopelvic Mechanics, and Pain (Doctoral thesis,

University of Calgary, Calgary, Canada). Retrieved from https://prism.ucalgary.ca. doi:10.11575/PRISM/26803

http://hdl.handle.net/11023/632

Downloaded from PRISM Repository, University of Calgary



 

 

UNIVERSITY OF CALGARY 

 

 

Lumbopelvic Stability in Non-specific Low Back Pain: Exploring the Relationships 

between Hip Strengthening, Lumbopelvic Mechanics, and Pain 

 

by 

 

Karen Dawn Kendall 

 

 

A THESIS 

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES 

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE 

DEGREE OF DOCTOR OF PHILOSOPHY 

 

 

FACULTY OF KINESIOLOGY 

CALGARY, ALBERTA 

APRIL, 2013 

 

© Karen Dawn Kendall 2013 



 

ii 

 

Abstract 

Low back pain (LBP) is among the most common chronic conditions in Canada and 

upwards of 85% of low back pain cases become classified as non-specific low back pain 

(NSLBP) meaning that a definitive diagnosis cannot be found.  This represents a significant 

problem for clinical practitioners treating these individuals.  The objective of this research 

is to address in part two major challenges facing clinical researchers, understanding the 

mechanisms that contribute to NSLBP and identifying treatment strategies that yield 

optimal clinical outcomes for individuals with chronic NSLBP.  With this research we 

aimed to contribute new knowledge in two areas for which gaps in the literature exist; the 

clinical assessment of lumbopelvic stability and the value of specific hip strengthening 

exercise within exercise therapy programs designed to treat NSLBP.  Three studies 

involving cross-sectional, experimental, and quasi-experimental designs were used to 

investigate the validity of the Trendelenburg test (TT) as a functional measure of hip 

abductor muscle (HABD) strength and lumbopelvic stability.  A fourth study, a randomized 

controlled trial was used to compare the efficacy of two exercise therapy programs for the 

reduction of pain and disability in individuals with NSLBP. The first study revealed non-

significant negative correlations between HABD strength and contralateral pelvic drop 

(cPD) measured during the TT.  The second study demonstrated that significant reductions 

in HABD strength did not result in the compensatory frontal plane motion at the hip pelvis 

and trunk described by the Trendelenburg’s theory.  The third study showed that despite an 

average reduction in pain of 48%, and significant increases in HABD strength, no changes 

in cPD were measured during the TT following a specific HABD strengthening program.  
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The randomized controlled trial determined that the addition of hip strengthening to a 

motor control-focused lumbopelvic exercise program did not result in changes in 

lumbopelvic mechanics or greater reductions in pain and disability in individuals with 

NSLBP.  In conclusion, the validity of the TT as measure of HABD strength is not 

supported and suggests that it has limited use as a measure of lumbopelvic stability.  

Further research to develop optimal exercise therapies for the treatment of NSLBP is 

needed. 
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Preface 

Chapters three through six, respectively, are based on the following manuscripts: 

 

Kendall, K.D., Wiley, J.P., Emery, C.A. & Ferber, R. (2013).  Examining the 

Trendelenburg test: A correlation study on individuals with non-specific low back pain and 

controls.  Journal of Athletic Training. In review (JAT0026-13). 

Kendall, K.D., Schmidt, C. & Ferber, R. (2010). The relationship between hip-

abductor strength and the magnitude of pelvic drop in patients with low back pain. Journal 

of Sport Rehabilitation, 19, 422-435. 

Kendall, K.D., Patel, C., Wiley, J.P., Pohl, M.B., Emery, C.A. & Ferber, R. (2013). 

Steps towards the validation of the Trendelenburg test:  The effect of experimentally 

reduced hip abductor muscle function on frontal plane mechanics.  Clinical Journal of 

Sport Medicine, 23, 45-51. 

Kendall, K.D., Emery, C.A., Wiley, J.P. & Ferber, R. (2013). The effect of hip 

muscle strengthening on pain and disability for individuals with non-specific low back 

pain: An outcome based randomized controlled trial. In Preparation.   

 

This dissertation is based on a collection of stand-alone manuscripts, and there may be 

some redundancy in the introduction, methods, and discussions of chapters three through 

six.  
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Chapter One:  Introduction  

Prior to pursuing my doctoral thesis, and while operating my own clinical practice of 

Athletic Therapy I was frequently referred individuals with non-specific low back pain 

(NSLBP) with the obvious goals of reducing pain and functional limitations associated with 

their injury.  However, I found that evidence based exercise therapy recommendations were 

limited and as a result I relied on theoretical knowledge and personal experience rather than 

published recommendations.  In addition, I also found relatively few clinical tests that 

evaluated the integrative function of the muscles that support the lumbar spine and pelvis 

with outcomes that were based on objective scientific evidence.  My interest in the 

assessment of the mechanics and function of the lumbopelvic region, experiences in 

prescribing exercise rehabilitation for individuals with low back pain, and the desire to 

improve upon the published exercise therapy recommendations were the sources from 

which my ideas for this thesis arose and my research questions were developed.     

Low back pain (LBP) is among the most common chronic conditions in Canada 

(Shultz & Kopec, 2003), and upwards of 85% of LBP cases become classified as non-

specific meaning that a definitive diagnosis cannot be found (Dillingham, 1995).  This lack 

of definitive diagnosis and the limited clinical guidelines for the management of NSLBP 

represent a significant problem for practitioners working to treat these individuals.  Clinical 

researchers are presented with the enormous task of first understanding the factors and 

mechanisms that contribute to NSLBP and then the responsibility of identifying evidence 

based treatment strategies that will allow for optimal clinical outcomes.   
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Stability is a term that is widely used both within the biomechanical literature and 

also by practitioners using exercise rehabilitation as a treatment for non-specific low back 

pain but the term is used in a variety of different contexts.  Reeves, Narendra & 

Cholewicki, (2007) in their review on spinal stability suggest that this apparent ambiguity 

should not be surprising considering that no absolute definition exists for the term even 

within the engineering disciplines and highlight that ‘stability is an entity with many parts’.  

Within the medical disciplines, the authors suggest that lumbopelvic stability can be 

described as, ‘a behaviour that is critical for the spine to bear loads, allow movement, and 

at the same time avoid injury and pain’.  However, in clinical practice and in research, 

finding the optimal methods to measure and evaluate lumbopelvic stability is a significant 

challenge (Reeves, Narendra & Cholewicki 2007). 

Clinicians generally use clinical reasoning combined with subjective and objective 

based assessment tools to help identify dysfunctions or impairments which are often 

associated with reported symptoms within NSLBP.  However, often these clinical tools are 

limited for use within research environments due to their inability to withstand the scrutiny 

of scientific research.  Clinicians continue to rely on these tests as they are the best tools 

available to them in order to collect clinical evidence and design treatment plans.  Thus, 

rather than simply disregarding the use of these tools, an emphasis should be placed on the 

standardization of these measures and also gaining further understanding of the factors that 

influence test performance such that better interpretations of the outcomes can be made.   

Exercise therapy is a recommended treatment for chronic NSLBP, but research has 

demonstrated that the treatment effects tend to be modest at best according to a recent 
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review that reports a pooled effect size of 0.52 (Keller, Hayden, Bombardier & van Tulder 

2007).  However, the major limitation of reviews such as this is heterogeneity concerning 

the variation in subject selection and the type and durations of treatments which makes the 

determination of specific effects difficult.  A biopsychosocial framework and classification 

system has been described in order to categorize individuals with LBP based upon their 

underlying mechanisms of pain and helps to identify a subgroup for which exercise therapy 

is a recommended treatment and for which specific interventions can be applied and 

effectively studied (O’Sullivan, 2005). The third and largest subgroup of this system is 

characterized by mal-adaptive movement or control impairments as the primary source of 

their pain (O’Sullivan 2005).  Therefore, the normalization of the impaired control and the 

restoration of proper movement patterns via exercise therapy theoretically should provide a 

resolution of symptoms and allow for a return to pain free function.  Motor control exercise 

targeting the transversus abdominus, and lumbar multifidus aims to re-train this 

musculature and restore optimal activation patterns, but when compared to other active 

therapies, it has been found to be equally effective to other exercise therapies.  However, to 

date, these exercise interventions have been primarily focused upon re-training the deep 

trunk muscles that support the lumbar spine.  Functional and weight bearing activities 

require the transfer of load through the lumbar spine, pelvis and hips and into the legs.  

Therefore, the addition of exercises that target the muscles that function to support the 

pelvis and hip should provide increased support both the lumbopelvic and hip regions and 

therefore optimize current motor-control focused exercise programs.   
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This dissertation is a collection of four studies that are focused on addressing some of 

the current challenges facing clinical researchers.  With this research we aim to provide 

insight into two areas for which gaps in the literature exist; the clinical assessment of 

lumbopelvic stability and identifying optimal exercise therapy treatments for individuals 

with NSLBP.  Specifically the objectives of the research were to answer the following 

questions:  

1. How do we best interpret and utilize the Trendelenburg test? / Can the Trendelenburg 

test be confidently used to assess lumbopelvic stability?  

2. Does the addition of hip muscle strengthening to lumbopelvic motor control exercise 

programs result increased lumbopelvic stability and yield better clinical outcomes for 

individuals with NSLBP? 

 

The first two studies, included as chapters three and four of this dissertation were 

designed to address the first challenge.  Specifically, we aimed to provide further 

understanding surrounding the interpretation of the outcome of the Trendelenburg test 

(TT).  The TT developed based upon clinical observation and anatomical and mechanical 

theory of the pelvis and hip structures and used as a measure of lumbopelvic stability in the 

assessment of lower back and hip pathologies (Lee, 2011).  The test outcome has been 

linked to the function of the hip abductor muscles (HABD) and also to lumbopelvic 

stability, but very few studies have investigated the mechanical theory underlying test 

performance and as a result the interpretation of its outcome remains uncertain.   
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Our first study was a correlation study involving 162 participants.  We used two-

dimensional motion analysis to measure contralateral pelvic drop during the performance of 

the TT and force dynamometry to measure HABD strength in order to examine the 

underlying mechanical theory of the TT.  From this study we were able to provide objective 

outcome data for TT performance and isometric HABD strength for both control subjects 

and individuals with NSLBP which had yet to be published within the scientific literature.  

Our second study used a novel experimental design to directly test the validity of the TT 

theory and specifically examined the contribution of the HABD muscles in pelvic stability.  

The results of this study provided valuable insight into the factors that affect test 

performance out, supported suggestions regarding critical criteria, and highlighted some of 

the limitations of the use of the TT.   

The final two studies, included as chapters five and six of this dissertation were 

designed to address the second challenge, finding optimal exercise therapy treatments for 

individuals with NSLBP.  The third study was a quasi-experimental study that examined 

the effects of a 3-week HABD strengthening program on frontal plane pelvic motion and 

pain within individuals with NSLBP.  This study provided the link between the 

biomechanically based studies one and two and study four, the clinically based randomized 

controlled trial by concurrently investigating changes in frontal plane pelvic mechanics and 

changes in pain.  The results of study three provide further insight into the sensitivity of the 

TT to changes in HABD strength, the role of the HABD muscles in pelvic stability, and 

also provided evidence to support the addition of hip based strengthening to current 

exercise therapy programs for the treatment of NSLBP.   
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The fourth and final study was a randomized controlled trial involving 80 individuals 

with NSLBP participating in one of two, 6-week exercise therapy programs.  The study 

hypotheses were based upon the anatomical and mechanical links between the lumbar 

spine, pelvis, and hip, the underlying theory of lumbopelvic stability, and the results of our 

previous work.  The study used self-report outcomes of pain intensity and disability to 

investigate whether the addition of hip strengthening exercises to a motor control exercise 

program results more optimal clinical outcomes.  Pain intensity is a predominant symptom 

of chronic pain that is easily measured by self-report and is ubiquitously used in pain 

assessment and to evaluate the effectiveness of treatment interventions.  It is acknowledged 

that pain is a multidimensional experience that contains both physiological and 

psychological dimensions and utilizing a single measure of pain provides solely the sensory 

component of pain and thus limits gaining further evidence concerning the effect of the 

exercise intervention on the overall pain experience.  However, within the context of this 

thesis which is primarily concerned with comparing the efficacy of two exercise 

interventions, it was determined that pain intensity would be an appropriate for use as the 

primary outcome.  Finally, the secondary analysis of the final study was a biomechanical 

analysis completed prior to and following the exercise interventions to investigate the 

concomitant changes in lumbopelvic and hip mechanics and allowed for the identification 

of potential underlying mechanisms of pain and disability.   
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Chapter Two: Literature Review 

2.1  Low Back Pain  

The World Health Organization reports that low back pain (LBP) as a leading cause 

of disability that affects all cultures in similar proportions worldwide and challenges 

individual quality of life and the ability to work (Ehrlich, 2003).  LBP is among the most 

common chronic musculoskeletal conditions in Canada (Shultz & Kopec, 2003).  A 

population based survey conducted in the Alberta and Saskatchewan provinces has 

estimated a lifetime prevalence of LBP at 83.4% (Gross et al., 2006).  For 10-40% of 

individuals with LBP, the pain becomes chronic and a significant burden on the health care 

systems (Dillingham, 1995).  Unfortunately, 85% of LBP cases become classified as non-

specific meaning that a definitive diagnosis cannot be found (Dillingham, 1995). A recent 

update of the clinical guidelines for the management of non-specific low back pain 

(NSLBP) including national and international guidelines from 15 countries can provide 

only limited recommendations (Koes, van Tulder, Lin, Macedo, McAuley, & Maher, 

2010).  The current recommendations for the treatment of NSLBP pain discourage the use 

of modalities, recommend the short term use of medication and manipulation, support the 

use of cognitive behavioural therapy, and recommend supervised exercise (Koes, van 

Tulder, Lin, Macedo, McAuley, & Maher, 2010).  However, these guidelines lack specific 

treatment recommendations and the absence of a definitive diagnosis for those with NSLBP 

represents a significant challenge for practitioners responsible for the treatment of these 

individuals.   
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2.2 The Classification of Low Back Pain 

It has been reported that upwards of 85% of LBP cases become classified as non-

specific (Dillingham, 1995).  With no definitive diagnosis available, practitioners are left 

with the challenging job of determining the underlying mechanisms of pain for these 

individuals which often include physiological, mechanical, psychological, and social 

factors.  Despite the multitude of randomized controlled trials evaluating the efficacy of 

interventions for the treatment of NSLBP, the treatment effects are often small and no clear 

evidence exists to support that any one intervention is superior.  The major explanation 

offered for this lack of consistent evidence in the literature is the heterogeneity of the 

participants included in the randomized controlled trials and the inevitability that one type 

of treatment intervention will be effective for all individuals with NSLBP considering the 

complex nature of the injury.  Therefore identifying subgroups to for which specific 

treatments are likely to be successful is a needed first step in the identification of optimal 

treatment outcomes.   

O’Sullivan (2005) proposes a biopsychosocial framework and classification system 

for understanding the underlying mechanisms of chronic LBP in order to better guide 

treatment.  The validity of this classification system has been studied (Dankaerts, & 

O’Sullivan, 2011). Studies supporting the reliability of this system (Dankaerts, O’Sullivan, 

Straker, Burnett, & Skouen, 2006;
 
Fersum, O’Sullivan, Kvale, & Skouen, 2009), and its’ 

ability to discriminate between two groups (Dankaerts, O’Sullivan, Burnett, Straker, 

Davey, & Gupta, 2009) have been done supporting its’ use.  O’Sullivan’s framework 
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includes three broad subgroups of chronic LBP that are determined by clinical indicators, 

which provides insight into identifying underlying mechanisms that drive the painful state.   

The first subgroup is represented by disorders that arise as a result of adaptation to 

specific underlying pathological processes and includes red flag disorders (O’Sullivan 

2005). The second subgroup is represented by disorders driven primarily by psychological 

and social factors that result in altered central pain processing, pathological anxiety and 

poor coping strategies (O’Sullivan 2005).  As these psychosocial stresses dominate, they 

continue to drive the pain state and often result in excessive avoidance of activity as a 

means of reducing pain (O’Sullivan 2005).  While individuals in both of these 

aforementioned subgroups secondarily demonstrate physiological and mechanical 

impairments, targeted therapy including appropriate medical or surgical management for 

the first subgroup, and cognitive and behavioural therapies for the second subgroup should 

be the primary treatment (O’Sullivan 2005).  In fact, using treatments aimed at addressing 

the secondary impairments has the potential of exacerbating the symptoms rather than 

resolving the primary issues.   

The third and largest subgroup demonstrates no known specific pathology.  They are 

characterized as without severe psychosocial stress but demonstrate mal-adaptive 

movement or control impairment and accompanying poor movement strategies (O’Sullivan 

2005).  Individuals within this third subgroup are further classified into a ‘movement’ or a 

‘control’ driven impairment categories due to the limitations and impairments identified 

upon clinical assessment (O’Sullivan 2005).  The movement impairment classification is 

represented by high levels of muscle guarding, co-contraction of the trunk muscles, and 
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restrictions of spinal range of motion (O’Sullivan 2005).  The control impairment 

classification is represented by a loss of functional control of segments, deficits in spinal 

stabilizing muscle function and reductions of proprioceptive awareness especially during 

dynamic tasks (O’Sullivan 2005). These individuals experience chronic and excessive 

tissue loading (as a result of excessive or reduced stability) that result in pain which in turn 

perpetuates disability and distress (O’Sullivan 2005).  Therefore, the normalization of the 

movement patterns and restored stability via exercise therapy theoretically should provide a 

solution for these individuals classified into subgroup three and allow a return to pain free 

function.  

 

2.3   Lumbopelvic Stability 

Stability is an essential component of any system and in the context of the spine, 

‘stable behaviour is critical for the spine to bear loads, allow movement, and at the same 

time avoid injury and pain’ (Reeves, Narendra & Cholewicki 2007).  The mechanical 

theory of lumbar spine stability (Bergmark 1989) and the conceptual framework of the 

spinal stabilizing system (Panjabi 1992) have provided the foundation from which the 

scientific analysis of lumbopelvic stability has been based.   

Bergmark (1989) studied the active components of the spinal system in order to 

identify the muscles that were active in creating the stiffness that countered compression 

forces within the spine and that prevent buckling of the spine.  He categorized the spinal 

stabilizer muscles into the local and global systems based upon their mechanical roles in 

stabilization.  The global muscles are the large multi-segmental trunk muscles responsible 
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for the movement of the spinal column that help to transfer load from the trunk to the pelvis 

and balance external loads applied to the trunk (Bergmark 1989).  They consist of the 

erector spinae, the rectus abdominus, the obliques externus and internus abdominus, psoas 

major, and quadratus lumborum muscles.  The local muscles are the smaller segmental 

muscles that attach directly to the lumbar spine, that act to control stiffness of the spinal 

segments, maintain lumbar curvature, and maintain the mechanical stability of the lumbar 

spine (Bergmark 1989).  They consist of the multifidus, tansverse abdominus, and 

intersegmental muscles.  Together, the global system works to balance external loads acting 

on the body such that resulting force transferred to the spine can be adequately handled by 

the local system (Bergmark 1989).   

Panjabi (1992) presented a conceptual basis for the spinal stabilizing system which 

includes the passive (vertebrae, discs, and ligaments), active (muscles), and neural (nerves 

and spinal cord) subsystems that links the structural and control elements of spinal stability.  

In an optimal system, the neural component continually monitors and determines the 

stability requirement and then directs the active system to provide the required support 

(Panjabi, 1992). A dysfunction within any of these systems could result in an injury to a 

component of the system, compensations of the other systems, or long-term adaptations, all 

of which could represent causes of impaired lumbopelvic stability (Panjabi, 1992). 

The theories of Bergmark (1989) and Panjabi (1992) brought forth biomechanical 

based studies that have quantified lumbopelvic stability using extensive modelling 

techniques.   (Cholewicki & McGill 1996) developed a spinal stability analysis using three 

sub-models; the moment muscle, the rigid link segment body, and lumbar spine models 
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within a static model.  From this modelling, the estimation of external forces acting on the 

trunk the moments produced by the muscle and passive tissues, and the muscle forces and 

stiffness has been done.  This work has provided insight into the role of the muscles of the 

trunk in providing stiffness to the spine and has led to further research identifying which 

muscles primarily contribute to the stability of the spine (McGill, Grenier, Kavcic, & 

Cholewicki, 2003;Kavcic, Grenier & McGill 2004;Grenier & McGill 2007).  Other 

biomechanical studies have examined lumbopelvic stability during dynamic tasks.  Studies 

have identified alterations the muscle activation and the temporal sequencing of activation 

of the trunk musculature of individuals with LBP, (Hodges, & Richardson, 

1996;Hungerford, Gillaerd, & Hodges, 2003;Silfies, Squillante, Maurer, Westcott, & 

Karduna 2005), and other studies using motion analysis have demonstrated kinematic 

differences between individuals with chronic LBP and healthy controls (Vogt, Pfeifer, 

Portscher, & Banzer, 2001; Seay, Van Emmerik, & Hamill, 2011).  These studies all help to 

identify impairments in the neural and active components of the spinal stabilization system 

as described by Panjabi (1992), and linked to impaired lumbopelvic stability. 

Hodges and Richardson (1996) evaluated the contribution of the local segmental 

muscles to spinal stability by measuring the temporal sequence of the muscle activity 

associated with a perturbation to the spine in 15 LBP patients and 15 matched controls 

using electromyography.  In control subjects, the transversus abdominus was activated first 

and not influenced by the direction of perturbation (Hodges, & Richardson, 1996).  For 

those with LBP, the activity of the transversus abdominus was significantly delayed with 

all movements and the authors attributed this this delay in onset of contraction to a deficit 
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of motor control and resultant inefficient muscular stabilization of the spine (Hodges, & 

Richardson, 1996).  Hungerford, Gilleard, & Hodges, (2003) identified altered lumbopelvic 

muscle recruitment patterns in individuals with sacroiliac joint pain compared to controls 

during a single leg stance test using electromyography.  The onset of obliques internus, and 

lumbar multifidus occurred before any movement into single leg stance occurred in 

controls, but for individuals with sacroiliac joint pain, there was a delayed onset for both 

muscles and also the gluteus maximus (Hungerford, Gilleard, & Hodges, 2003).  Silfies, 

Squillante, Maurer, Westcott, & Karduna (2005) studied trunk muscle recruitment during a 

stand and reach test and found that the muscle activation of the rectus abdominus and 

external obliques muscles were significantly higher in individuals with chronic LBP, which 

the authors attributed to a bracing effect and an excessive activation of the trunk 

musculature (Silfies, Squillante, Maurer, Westcott, & Karduna, 2005). 

Studies using motion analysis have shown kinematic differences between individuals 

with chronic LBP and controls while walking and running.  Vogt, Pfeifer, Portscher, & 

Banzer, (2001) used 3D analysis to compare the lumbar spine kinematics of individuals 

with NSLBP and controls while walking.  Using a pelvic and a thoracic marker set, the 

relative motions between the sacrum and thoracolumbar areas were measured.  Whereas 

almost identical angular displacement of the trunk was measured between groups, the 

individuals with NSLBP demonstrated significant stride to stride variability in each of the 

anatomical planes of motion (Vogt, Pfeifer, Portscher, & Banzer, 2001).  The authors 

suggest that this increase in variability may indicate deficiencies in the neural control 

system and contribute to impaired lumbopelvic stability (Vogt, Pfeifer, Portscher, & 
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Banzer, 2001).  A more recent study also using 3D analysis compared the coordination of 

the pelvis and trunk motion while walking and running in individuals with chronic LBP and 

controls (Seay, Van Emmerik, & Hamill, 2011).  While the control subjects demonstrated 

an anti-phase (pelvis and trunk moving in opposite directions) while walking and running, 

individuals with chronic LBP walked and ran adopting an in-phase (pelvis and trunk 

moving in the same direction) or ‘phase locked’ strategy in both the axial and frontal plane 

movements (Seay, Van Emmerik, & Hamill, 2011).  The authors suggest that the in-phase 

strategy of the chronic LBP patients may suggest a compensated ‘guarded gait’ and 

excessive lumbopelvic stability as a protective mechanism (Seay, Van Emmerik, & Hamill, 

2011). 

Reeves, Narendra & Cholewicki, (2007) in their review on spinal stability highlight 

that ‘stability is an entity with many parts’.  As a result of this complexity, one 

encompassing definition of lumbopelvic stability is not available.  Based upon the literature 

to date, one could argue that the definition of lumbopelvic stability within a biomechanical 

context is primarily linked to the appropriate function and control of the trunk musculature 

and their role in the suitable control and performance of movement during functional tasks.  

However, finding the best measure to quantify lumbopelvic stability and how to assess it 

clinically become difficult tasks considering the integrated nature of the system.   

 

2.3.1 Clinical Tests of Lumbopelvic Stability   

Two clinical tests, the active straight leg raise test (ASLR), and the Trendelenburg 

test (TT) have been reported to assess lumbopelvic stability (Mens, Vleeming, Snijders, 
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Stam, & Ginai, 1999) and the ability of the lumbopelvic complex to transfer load through to 

the legs (Trendelenburg, 1998; Hardcastle, & Nade, 1985, Lee, 2011).  To date one study 

has investigated these two clinical tests as measures of the lumbopelvic complex’s ability to 

transfer load (Roussel, Nijs, Truijen, Smeuninx, & Stassijns, (2007), but further research is 

needed to better understand the mechanisms underlying performance on these tests.   

A positive ASLR test is established as a clinical indicator for sacroiliac instability 

(Mens, Vleeming, Snijders, Stam, & Ginai, 1999).  It was developed for use first with post-

partum women with posterior pelvic pain (Mens, Vleeming, Snijders, Koes, & Stam 2001).  

Movement of the lumbopelvic region or increased effort and reported pain during the test is 

assessed prior to and following either manual compression of the pelvis or active 

contraction of the lumbopelvic muscles (Lee, 2011).  A positive ASLR test results from the 

normalization of movement or a change in perceived effort and reduced pain following 

manual pelvic compression and is an indication of instability in the lumbopelvic complex 

(Lee, 2011).  A positive test is interpreted as a result of an insufficiency of the transversus 

abdominus to adequately control lumbopelvic movement (Mens, Vleeming, Snijders, Stam, 

& Ginai, 1999).  More recently its utility for use as a general screening tool for lumbar 

spine stability has also been shown (Liebenson, Karpowicz, Brown, Howarth, & McGill 

2009).   

Compared to the non-weight bearing supine position of the ASLR, the TT is a weight 

bearing single leg stance test.  Although the TT has been primarily reported as a test the 

functional strength of the hip abductor muscles (HABD), it also is reported to be an 

indicator of pelvic stability (Trendelenburg, 1998; Magee, 2007; Starkey, 2002) and used to 



 

16 

 

assess the stability of the lumbopelvic complex and its ability to transfer load to the legs 

(Lee, 2011).  It developed from observations of an exaggerated drop in contralateral pelvic 

position during gait and Trendelenburg’s theory.  Trendelenburg discussed that the 

exaggerated contralateral drop and resulting increased loading at the pivot point between 

the lumbar spine and pelvis was a result of the inability of the weight bearing stance leg 

HABD to hold the pelvis in a horizontal position (Trendelenburg, 1998).  Hardcastle, & 

Nade, (1985) developed a standardized method to perform the TT based on these 

observations.  However, little research has been done to objectively examine the underlying 

the mechanism of the TT outcome and how it specifically relates to lumbopelvic stability.  

Only one study has specifically examined the underlying theory of the TT (DiMattia, 

Livengood, Uhl, Mattacola, & Malone, 2005), and one study has investigated its use as a 

discriminatory test (Youdas, Madson, & Hollman, 2010).   

DiMattia, Livengood, Uhl, Mattacola, & Malone, (2005) examined the association 

between hip adduction angle and HABD strength in 50 healthy control subjects during the 

TT.  Force dynamometry was used to collect measures of normalized isometric hip 

abductor muscle strength.  Two-dimensional motion analysis was used to measure the 

outcome of the TT. A weak positive correlation (r = 0.22, p = 0.13) was reported and 

suggests that HABD strength is not associated with pelvic position during the TT.  

However, this study was done on a small group of young healthy controls which may have 

limited the analysis and the generalizability of the results.  Further examination of 

Trendelenburg’s theory in a larger and a more heterogeneous population would better 
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examine the TT theory and determine if HABD strength is an important contributor to 

lumbopelvic stability.   

Youdas, Madson, & Hollman, (2010) investigated the discriminatory ability of the TT 

in identifying patients with hip osteoarthritis from controls.  These authors quantified the 

TT outcome in 20 control and 20 individuals with hip osteoarthritis using pelvic on femoral 

angle (POF) quantified by the angle formed between a line connecting the bilateral anterior 

superior iliac spines and the tibial tuberosity and measured using a universal goniometer.  

Receiver operating curves and validity indices were used to examine the discriminatory 

ability of both the TT outcome (POF) and HABD strength.  Using the established cut off 

scores for the Trendelenburg outcome (83°), and HABD strength (30%BW), the reported 

sensitivity and specificity scores were poor (0.55 and 0.70 respectively) (Youdas, Madson, 

& Hollman, 2010).  The results indicate that the TT lacks discriminatory ability and may 

not be sensitive to differences in isometric HABD strength.  However, the inability of the 

TT to distinguish between groups may have simply been reflective of the similarity of the 

estimates used in analysis between groups in this study.  Although significant differences in 

HABD strength were reported between groups, the difference in the reported mean values 

was small (osteoarthritis 36% vs. control 41%BW) and the mean angles of hip adduction 

were similar between groups (osteoarthritis 83° vs. controls 84°) (Youdas, Madson, & 

Hollman, 2010).  Regardless, studies such as this are important in determining critical 

criteria and objective outcome data surrounding tests that have typically been judged via 

subjective criteria and need to be completed using individuals with NSLBP.   
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To date, the TT remains a subjectively scored clinical test used for the assessment of 

functional HABD strength and lumbopelvic stability.  Very little research has been done to 

support the validity of the TT theory or to provide clinicians with a clear understanding of 

the mechanisms underlying performance.  As a result, the interpretation of the TT outcome 

is vague and the information gained from utilizing the test is of little use.  Research that 

tests the underlying mechanical theory, determines objective critical criteria, and can 

identify factors that influence test performance would be of considerable benefit to both the 

scientific literature and also help better define its use within clinical practice. 

 

2.4 Is Exercise Therapy Effective in Reducing Non-specific Low Back Pain? 

The evolution of attitudes within clinical practice surrounding the role of physical 

activity in the therapeutic management of LBP began in the 1970’s.  However, the first 

consensus report providing recommendations for activities of daily living, exercise, and 

occupational activity for those with LBP was not published until 2000 (Abenheim et al., 

2000).  The availability of this new research provided the first recommendations for the use 

of exercise in the treatment of LBP.  For chronic LBP patients there was sufficient evidence 

for practitioners to recommend therapeutic exercises (Abenheim et al., 2000).  However, at 

the time, there was insufficient evidence to support any specific therapeutic exercise 

technique or method over another (Abenheim et al., 2000)
 
which left a considerable need to 

determine what type of exercise programs would result in superior treatment outcomes.   

Over the past decade and since these early recommendations, exercise therapy has 

been widely implemented for the treatment of LBP.  Its general effectiveness has been 
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evaluated in a systematic review (van Tulder, Malmivaara, Esmail, & Koes, 2000; Hayden, 

van Tulder, & Tomlinson, 2005), a meta-analysis (Hayden, van Tulder, Malmivaara, & 

Koes, 2005), and a literature review (Henchoz, & Kai-Lik So, 2008).   

In a systematic review, Van Tulder, Malmivaara, Esmail, & Koes, (2000) reviewed 

randomized controlled trials evaluating the effectiveness of exercise therapy in reducing 

pain intensity, functional status, overall improvement, and return to work.  The authors 

concluded that based on the literature up to 1999, that there was conflicting evidence 

regarding the effectiveness of exercise therapy compared to inactive treatment.  However, it 

was determined that for patients with chronic low back pain (+12 weeks); exercise therapy 

was more effective than usual care by a general practitioner but just as effective as 

conventional physiotherapy treatment (Van Tulder, Malmivaara, Esmail, & Koes, 2000).  

Therefore, there was evidence that supported the effectiveness of exercise therapy for 

chronic LBP, but specific recommendations regarding the type of exercise therapy could 

not be made.  The authors reported difficulty in reviewing the trials as a result of 

heterogeneity in the study populations, exercise interventions, and outcome measures.   

In 2005, a meta-analysis was completed to investigate the effectiveness of exercise 

therapy in adult acute, subacute, and chronic NSLBP compared to no treatment, other 

conservative treatments, or other types of exercise (Hayden, van Tulder, Malmivaara, & 

Koes, 2005).  This review compared pain, function, return to work, and global 

improvement outcomes in 61 randomized controlled trials. It was determined that for 

NSLBP (12 weeks or more), exercise therapy was at least as, but not more effective as 

other conservative treatments (Hayden, van Tulder, Malmivaara, & Koes, 2005).  However, 



 

20 

 

only small improvements in pain and functioning were demonstrated when combining all 

exercise therapies.  The same authors subsequently published an accompanying systematic 

review evaluating the use of exercise therapy specifically in chronic NSLBP aimed at 

identifying specific exercise intervention characteristics that decreased pain and improved 

function (Hayden, van Tulder, & Tomlinson, 2005).  A total of 43 trials were included in 

the analysis and the results revealed that the most effective strategies in exercise 

intervention included individually designed programs, were delivered in a supervised 

format, included a home program, and encouraged adherence to ensure high dosage 

(≥20hrs)
 
(Hayden, van Tulder, & Tomlinson, 2005).  These two studies supported the 

effectiveness of exercise for the treatment of chronic NSLBP, provided initial 

recommendations for the overall design of interventions, and provided additional support 

for the continued investigation into specific exercise approaches for treatment. The 

limitations of this review pointed out the need for better quality trials, the use of 

homogenous study populations and increased quality in reporting such that further research 

can be focused on providing more specific recommendations.  

A most recent review of the literature was completed in 2008 (Henchoz, & Kai-Lik 

So, 2008).  These authors also aimed at identifying specific exercise program 

characteristics associated with better exercise treatment outcomes.  This review provided an 

overview of studies aimed at comparing the design and type of exercise included in the 

programs.  However, like most reviews in this area, the limitations included; the 

heterogeneity of the participants with NSLBP included in the trials, the broad definition of 

exercise, and the resulting variation in programming.  Therefore this review was unable to 
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provide firm evidence to support any specific method of exercise programs, general vs. 

specific, individualized vs. group, or supervised vs. home exercise.  The authors concluded 

that this study highlights the need for future research focused on identifying specific 

subgroups that would benefit from specific exercise programs.   

Literature reviews to date support the use of exercise therapy for the treatment of 

chronic NSLBP and have provided a few general recommendations.  However, research 

done in this area has not yet been able to support the efficacy of any one exercise modality 

over another.  Considering that NSLBP is complex and multifactorial, it is unrealistic to 

accept that one type of exercise therapy intervention will be appropriate for all individuals.  

Therefore, if progress is to be made in this area, research needs to first identify certain 

subgroups on which further investigations can be based.   

 

2.4.1 Lumbopelvic Stabilization  

The mechanical theory of spinal stability (Bergmark 1989), the conceptual 

framework of the spinal stabilizing system (Panjabi 1992) and biomechanical research 

using modelling methods (McGill, Grenier, Kavcic, & Cholewicki, 2003;Kavcic, Grenier & 

McGill 2004;Grenier & McGill 2007) and electromyography (Hodges, & Richardson, 

1996;Hungerford, Gillaerd, & Hodges, 2003;Silfies, Squillante, Maurer, Westcott, & 

Karduna 2005) have facilitated a better understanding of the contribution of the trunk 

musculature to lumbopelvic stability.  The result of this research has provided a basis for 

the recommendations of exercise therapy used for the treatment of NSLBP.  As a result of 

this research, much focus has been placed upon the use of exercises aimed at re-training the 



 

22 

 

transversus abdominus and multifidus musculature for the treatment for NSLBP.  The 

effectiveness of these interventions has been studied (Rackwitz, de Bie, Ewert, & Stucki, 

2006; May, & Johnson, 2008; Macedo, Maher, Latimer, & McAuley, 2009).   

In their review of seven trials, Rackwitz, de Bie, Ewert, & Stucki (2006) reported that 

in chronic LBP, segmental stabilizing exercises were more effective than treatment by a 

general practitioner and may be as effective as other physiotherapy treatments in reducing 

pain and disability.  Similar results were reported by May, & Johnson, (2008).  Based on 

their review of 18 trials, these authors reported that stabilization exercises were more 

effective than no treatment or usual care, but just as effective as other active treatments.  

However, while the majority of high quality trials favoured stabilization exercises for the 

reduction of pain and increase in function in chronic LBP, the overall evidence was 

contradictory (May, & Johnson, 2008).  Finally, in the most recent review, Macedo, Maher, 

Latimer, & McAuley, (2009) reviewed 14 trials to investigate the effectiveness of motor 

control exercise compared to minimal intervention, manual therapy, and other forms of 

exercise in persistent low back pain.  When compared to minimal intervention, motor 

control exercises were superior in reducing pain and disability at both short term (less than 

3 months) and long term (12 months or more) follow up (Macedo, Maher, Latimer, & 

McAuley, 2009).  However, when compared to manual therapy and other forms of exercise, 

motor control exercises were equally effective (Macedo, Maher, Latimer, & McAuley, 

2009).   

The current body of literature supports the use of motor control exercises for the 

treatment of chronic NSLBP.  However, when compared to other therapies, they are found 
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equally effective and the reported treatment effects are small.  Therefore continued research 

aimed at improving these exercise interventions is needed.  To date, these exercise 

interventions have been primarily focused upon the trunk musculature.  Functional and 

weight bearing activities require the transfer of load through the lumbar spine, pelvis and 

hips and into the legs.  Therefore, a wider focus is what may be missing from current motor 

control exercise programs.  More specifically, building exercise intervention programs that 

combine both motor control exercises and hip strengthening exercises may result in overall 

improvements in stability through the lumbopelvic and hip complex and provide 

individuals with NSLBP better outcomes.   

 

2.4.2 Femoropelvic Stabilization  

Proper functioning of the hip muscles is an important part of musculoskeletal health.  

Weakness of the hip musculature has been linked to injuries such as patellofemoral pain 

syndrome (Earl, & Hoch, 2011; Cichanowski, Schmitt, Johnson, & Niemuth, 2007;Ireland, 

Ballantyne, & McClay-Davis, 2003), iliotibial band syndrome (Fredericson, Cookinghan, 

Chaudhari, Dowdewll, Oestreicher, & Sahrmann, 2000), osteoarthritis (Sims, Richardson, 

& Brauer, 2002), and to atypical lower extremity mechanics (Heinert, Kernozek, Greany, & 

Fater, 2008).  Moreover, research has shown that increased hip muscle strengthening is 

effective in changing lower extremity mechanics (Ferber, Kendall, & Farr, 2011; Snyder, 

Earl, O’Conner, & Ebersole, 2009).  

Despite their anatomical and mechanical link to the pelvis, surprisingly little focus 

has been placed on the contribution of hip muscle strength to lumbopelvic stability in 
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individuals with NSLBP. Studies have demonstrated differences in hip extensor muscle 

strength between athletes with and without LBP (Nadler, Malanga, DePrince, Stitik, & 

Feinberg, 2002), that hip muscle fatigability is associated with LBP (Nourbakhsh, & Arab, 

2002), and that chronic LBP patients demonstrate significantly decreased hip extensor 

activation compared to controls (Himmelreich, Vogt, & Banzer, 2008).   

Nadler, Malanga, DePrince, Stitik, & Feinberg, (2002) compared the hip strength 

measures in athletes compared to healthy controls and found that athletes with LBP 

demonstrated reduced hip extensor muscle strength.  They also reported that female athletes 

with LBP demonstrated 11.7% side to side asymmetry in hip extensor muscle strength 

compared to those who were uninjured (Nadler, Malanga, DePrince, Stitik, & Feinberg, 

2002).  A large cross sectional study including 600 individuals with LBP revealed 

significant associations between  hip flexor, hip adductor, and abdominal muscle 

fatigability (Nourbakhsh, & Arab, 2002).  Himmelreich, Vogt, & Banzer, (2008) found 

decreased activation of the gluteus maximus muscles in chronic LBP patients compared to 

matched controls during level walking, inclined walking, and climbing stairs.  They also 

reported that while control subjects demonstrated increases of 25% and 50% of gluteus 

maximus muscle activation when progressing from level walking to incline and then stair 

climbing, individuals with LBP demonstrated only a 35% muscle activation during incline 

walking with no further increases during stair climbing (Himmelreich, Vogt, & Banzer, 

2008).   

Considering the anatomical and mechanical links between the lumbar spine, pelvis, 

and hip, it is reasonable to hypothesize that the hip muscle function will have an influence 



 

25 

 

on lumbopelvic stability and contribute to the control of lumbopelvic motion and the 

transfer of spinal load.  Research has shown a link between impairments in hip muscle 

function and chronic NSLBP.  Therefore, resolving impairments in hip muscle function 

may be an important part of achieving optimal lumbopelvic stability for individuals with 

NSLBP.  To date, exercise therapy for individuals with NSLBP has primarily focused on 

trunk musculature.  Thus hip strengthening exercises may be a valuable addition to the 

current motor control exercise interventions currently used for the treatment of NSLBP.   

 

2.5 Summary 

Low back pain is among the most common chronic musculoskeletal conditions in 

Canada with a reported lifetime prevalence of 83.4% (Shultz & Kopec, 2003;Gross et al., 

2006).  It has been estimated 85% of LBP cases become classified as NSLBP which 

represents a significant challenge for practitioners.  A biopsychosocial framework and 

classification system has been described in order to categorize individuals based on their 

underlying mechanisms of pain in order to guide treatment (O’Sullivan, 2005).  The third 

and largest subgroup of this system is characterized by mal-adaptive movement or control 

impairments and accompanying poor movement strategies that result in chronic and 

excessive tissue loading (as a result of excessive or reduced stability) as the primary source 

of their pain (O’Sullivan 2005).  Therefore, the normalization of the impaired movement 

patterns and restored stability via exercise therapy theoretically should provide a resolution 

of symptoms and allow for a return to pain free function. However, a review on spinal 

stability highlights the fact that ‘stability is an entity with many parts’ (Reeves, Narendra & 
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Cholewicki, 2007).  In the context of the spine, the ‘parts’ being recognized the passive, 

active, and neural structures that make up the spinal stabilizing system (Panjabi, 1992).  

Therefore, finding the best measure to quantify lumbopelvic stability, how to best assess it 

clinically, and how to use exercise to restore it become difficult tasks considering the 

integrated nature of the systems involved.    

While literature reviews have supported the use of exercise therapy for the treatment 

of chronic NSLBP, the treatment effects tend to be minimal and research has not yet been 

able to support any one exercise modality over another.  A more recent treatment focus has 

been on motor control exercise for chronic NSLBP but when compared to other active 

therapies, it has been found to be equally effective.  However, to date, exercise therapy 

programs using motor control exercises are aimed at re-training of the deep trunk muscles 

that support the lumbar spine, whereas functional and weight bearing activities require the 

transfer of load through the lumbar spine, pelvis and hips and into the lower limbs.  

Research has shown a link between impairments in hip muscle function and chronic 

NSLBP.  Therefore, hip strengthening exercises may be valuable addition to the current 

motor control exercise interventions currently used for the treatment of NSLBP.   
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Chapter Three: Examining the Trendelenburg test: A correlation study on individuals 

with non-specific low back pain and controls 

3.1 Abstract 

Context: The Trendelenburg test (TT) is used as a functional measure of both hip abductor 

muscle (HABD) strength and pelvic stability.  However, the underlying mechanical theory 

of the test performance outcome has not been fully investigated.  Objective: To examine 

the relationship between HABD strength and contralateral pelvic drop (cPD) measured 

during the TT and to determine if a positive TT outcome is associated with a specific 

threshold value of normalised HABD strength. Design: Cross-sectional. Setting: Clinical 

research laboratory. Participants: Eighty-two controls and 80 individuals with non-specific 

low back pain (NSLBP). Intervention: None. Main Outcome Measures: Isometric 

HABD strength (Nm/kg), cPD (°). Results: Weak negative correlations were found 

between HABD strength and cPD measured during the right TT and left TT for both the 

control (r = -0.09:p=0.41, r = -0.2: p=0.89) and the NSLBP (r = 0.15:p=0.18, r = -0.06: 

p=59) groups respectively.  Normalized HABD strength was similar in participants 

demonstrating both positive and negative TT outcomes in both groups.  Conclusion: The 

HABD muscles are not primarily responsible for maintaining pelvic position during the TT.  

Pelvic position during the TT may also reflect the differences in individual positional 

strategies and the reliance on other muscle groups.  The sole use of the TT as a screening 

measure of HABD muscle function or to assess the pelvic stability should be discouraged.  

Key Words: 2-dimensional mechanics, hip abductor muscle strength, non-specific low 

back pain. 
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3.2 Introduction 

Trendelenburg first described an abnormal gait pattern in 1895 and proposed that the 

contralateral pelvic drop (cPD) position resulted from the inability of the weight bearing 

hip abductor muscles (HABD) to keep the pelvis horizontal (Trendelenburg, 1998).  The 

Trendelenburg Test (TT) was subsequently developed with a positive test result, the 

inability to maintain a horizontal pelvic position for 30 seconds being interpreted as an 

insufficiency of the HABD muscles and lack of pelvic stability (Hardcastle, & Nade, 1985).  

The TT continues to be utilized today in clinical
 
assessment of the lower back, pelvis and 

hip (Lee, 2011; Magee, 2007), and as an outcome measure in hip orthopedic research 

(Baker, & Bitounis, 1989; Garcia, Picado, & Cardinali, 2011; Kiyama, Naito, Shinoda, & 

Maeyama, 2010). 
 
 

Studies investigating Trendelenburg’s theory have been limited to basic motion 

analysis techniques (Hardcastle, & Nade, 1985; Petrofsky, 2001), subjective clinical 

measurements (Hardcastle, & Nade, 1985; Petrofsky, 2001), and small homogenous subject 

samples (Petrofsky, 2001; DiMattia Livengood, Uhl, Mattacola, & Malone, 2005).  More 

recent research indicates that significant increases in HABD strength have no effect on cPD 

measured during the TT (Kendall, Schmidt, & Ferber, 2010), that the use of the TT as a 

functional measure of HABD strength is limited within healthy populations (DiMattia 

Livengood, Uhl, Mattacola, & Malone, 2005), and that the TT is not useful as a 

discriminatory test to identify individuals with hip osteoarthritis (Youdas, Madson, & 

Hollman, 2010).  To date the ability to control pelvic position in single leg stance remains 

linked simply to ‘adequate’ HABD strength based upon Trendelenburg’s original theory yet 
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this simple association has not been well supported in the literature.   However, only a few 

studies have specifically examined the underlying mechanical theory (DiMattia Livengood, 

Uhl, Mattacola, & Malone, 2005; Kendall, Schmidt, & Ferber, 2010) using objective 

analysis and these studies have been done using small sample populations which limit the 

generalizability of their results.     

Therefore, the primary aim of the study is to establish if an empirical relationship 

exists between HABD strength and cPD in a large sample of controls and individuals with 

non-specific low back pain (NSLBP) for which reductions of HABD strength (Nadler, 

Malanga, DePrince, Stituk, & Feinburg, 2000) and impairments in lumbopelvic stability 

(Hodges, & Richardson, 1996) have been reported.  We hypothesized that normalized 

HABD strength will be negatively correlated to the cPD measured during the TT.  The 

secondary aim was to determine if a positive test outcome is associated with a specific 

threshold value of HABD strength.  We hypothesized that if a significant relationship does 

exist between HABD strength and the measured cPD that specific thresholds for the TT 

outcomes could be established. 

 

3.3 Material and Methods 

3.3.1 Participants 

We recruited 82 control and 80 individuals with NSLBP via flyers, a newspaper 

article, and website advertisements.  NSLBP was defined as pain below the costal margin 

and above the inferior gluteal folds with or without leg pain (Choi, Verbeek, & Jiang, 

2007). The NSLBP inclusion criteria were: a minimum consistent pain intensity of 3cm on 
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the visual analog scale (VAS) for a least a period of 6 weeks, pelvic alignment and equal 

leg length as assessed by standard clinical methods, no previous surgeries in the lumbar 

pelvis or hip areas, and no previous use of radiological interventions. The exclusion criteria 

were: pregnancy, or being within one year post-partum, scoliosis, or known discogenic, 

neurological, or vestibular pathology, or using non-steroidal anti-inflammatory drugs 24 

hours prior to testing.  All control subjects had no lower extremity injury at time of testing 

and the 1-year prior to testing.  The study was approved by the Institutional Ethics Board 

and all participants signed an informed consent.  An a priori sample size was completed 

based on the suggestions of Cohen (Portney, & Watkins, 2009) for correlation analysis, and
 

α=0.05, and β=.20.  80 subjects per group were sufficient to power the study.   

 

3.3.2 Hip Abductor Muscle Strength 

Isometric HABD strength was measured using a force dynamometer (Lafayette 

Instruments, Model 01163, Lafayette, IN.) based on published strap assisted ‘make test’ 

methods (Ireland, Willson, Ballantyne, & McClay-Davis, 2003). The placement of the 

force dynamometer was modified to 3 cm proximal to the lateral malleolus, to reflect 

clinical manual muscle testing methods (Kendall, McCreary, & Provance, 1993).  One 

submaximal practice trial and three test trials, with a 30-second rest period between trials 

were completed.  The average of three trials was used for statistical analysis.  All force (kg) 

measures were converted into Newtons of force and normalised using body mass and leg 

length taken as the measure between the anterior superior iliac spine and most inferior point 
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of the medial malleolus.  All strength testing was completed by the same tester (KK) who 

had high intrarater reliability (ICC(3,1)=0.90 with a SEM of 0.09 Nm/kg). 

3.3.3 Biomechanical Analysis 

 Two-dimensional (2D) mechanics were measured using a 60-Hz camera (Canon 

GL2-NTSC-3CCD, Canon Canada Inc. Mississauga, ON, CANADA) and analysis software 

(Vicon Motus 9.0, Vicon, Centennial, CO, USA). Two-dimensional methods were chosen 

to measure the cPD as 2D methods have been shown to be accurate in measuring frontal 

plane movements (Cornwall, & McPoil, 1995), and have been published 

previously(Kendall, Schmidt, & Ferber, 2010).  Four 14 mm retro-reflective markers were 

used with two placed on the horizontal axis of the pelvis over top of each posterior superior 

iliac spine and two placed on opposite sides of the treadmill to represent laboratory 

horizontal (Figure 1). The TT was performed according to previously described methods 

(Hardcastle, & Nade, 1985)
.
  Video recordings from the camera were digitized and 2D 

coordinates were used to calculate the cPD angle during the right and left TT (Figure 1). 

The average peak angles during the 20-25 sec time interval of both the right and left TT 

was calculated and each adjusted for the stance position of the pelvis measured during the 

static trial.  All digitization was completed by a single investigator (KK).  As there are no 

published kinematic data that exist that define a positive TT for controls or individuals with 

NSLBP, we chose to define a reference range based on the current subjective definition of a 

positive TT (a drop of the contralateral pelvic position below the horizontal). We chose a 

range rather than simply the 0 degree horizontal as the between-day variability in cPD 

measured during the TT using these methods has been shown to be 0.15º to 0.35º (Kendall, 
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Schmidt, & Ferber, 2010) and we felt this range would represent a meaningful separation 

between positive and negative scores.   Therefore, positive TT tests were identified as drop 

of the contralateral pelvis below the horizontal reference range of 0 - 0.5 degrees.    

 

Figure 3.1: Biomechanical Diagram.  

A: Right Trendelenburg Test: negative test. B: Left Trendelenburg Test: negative test.  

C: Right Trendelenburg Test: positive test. D: Left Trendelenburg Test: negative test.   

 

 

 

3.3.4 Statistical Analysis 

 The outcome data were normally distributed and met the assumptions for parametric 

analysis. Pearson product moment correlations were used to investigate the relationship 

between cPD and HABD strength.   Summary statistics and confidence intervals were used 
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to investigate the quantity of HABD strength associated with both positive and negative TT 

results.   

 

3.4 Results 

A summary of the demographics by group are presented in Table 1.  The NSLBP 

group scored a mean 5.0±1.5cm on the VAS scale for pain and a median score of 16% 

(IQR: 11-22) on the Oswestry Disability Index indicating a minor level of disability 

(Fairbank, Couper, & Davies, 1980).  Participants in the NSLBP group were on average 10 

years older than the controls but were of similar height, weight, activity level.  Weak 

negative correlations were found between HABD strength and cPD measured during the 

right TT and left TT for both the control (r=-0.09:p=0.41, r=-0.2:p=0.89) and the NSLBP 

(r=0.15:p=0.18, r=-0.06:p=59) groups respectively (Figure 2).  The average peak cPD 

angles measured during the last 5sec of the 30sec TT and were similar between groups.  A 

summary of the cPD data by group is presented in Table 2.  Only a small number of 

positive TTs occurred within both groups with only 9% of the controls and 13% of the 

individuals with NSLBP demonstrating positive tests according to the pre-established 

biomechanical criteria. The normalized HABD strength values of participants that scored 

positive on the TT were no different than the HABD strength values of the participants that 

scored negative on the TT test and this was true for both controls and individuals with 

NSLBP.  A summary of the TT test outcomes including the associated strength data with 

confidence intervals by group are presented in Table 3.  
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Table 3.1: Summary of Demographics 

 Control (n=82) Non-specific low back pain (n=80) 

Gender, (M:F), (#) 25:57 30:50 

Age, (years), x̄ ±SD 28 ± 9
 

38 ± 12
 

Height (cm), x̄ ±SD 169.7 ± 8.3 169.8 ± 8.9 

Weight (kg), x̄ ±SD 68.0 ± 11.3 69.7 ± 13.6 

Tegner Scale (Level), med:IQR 6:5-7 5:5-6 

Right hip abductor muscle strength  

(Nm/kg), x̄ ±SD : range 

 

1.5 ± 0.3 : 0.9-2.5 

 

1.4 ± 0.5 : 0.4-2.6 

Left hip abductor muscle strength  

(Nm/kg), x̄ ±SD : range 

 

1.5 ± 0.4 : 0.6-2.4  

 

1.4 ± 0.4 : 0.6-2.4 
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Figure 3.2: Scatterplots presented by group depicting the relationship between contralateral 

pelvic position and normalised hip abductor muscle strength as measured during the 

Trendelenburg test.  Grey shaded areas indicate the horizontal reference range for the right 

and left Trendelenburg tests.   
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Table 3.2:  Contralateral Pelvic Drop Values presented by Group 

 

 

Right Trendelenburg Test
a 

Contralateral Pelvic Drop 

(x̄ ±SD : range) 

Left Trendelenburg Test
b
 

Contralateral Pelvic Drop 

(x̄ ±SD : range) 

Control 

(n = 82) 
-2.9°±2.6 : -9.0-5.6° 2.7°±2.6 : -4.4-11.1° 

NSLBP 

(n = 80) 
-2.5°±2.1 : -6.7-2.0° 2.4°±3.0 : -4.2-11.0° 

a 
-ve indicates pelvic hike, +ve indicates pelvic drop position 

b
 -ve indicates pelvic drop, +ve indicates pelvic hike position 

 

Table 3.3:  Trendelenburg Test Outcome Results with the Associated Normalised Hip 

Abductor Muscle Strength Values presented by Group 

 

 Control  

(n = 82) 

Non-specific low back pain  

(n = 80) 

Right Trendelenburg Test   

Positive Test # (%) 9 (11) 6 (8) 

Right Hip Abductor Muscle 

Strength (Nm/kg), x̄ (95%CI)  

 

1.3 (1.1 to 1.6) 

 

1.6 (1.2 to 2.0) 

Negative Test # (%) 73 (89) 74 (92) 

Right Hip Abductor Muscle 

Strength (Nm/kg), x̄ (95%CI)  

 

1.5 (1.5 to 1.6) 

 

1.4 (1.3 to 1.5) 

Left Trendelenburg Test   

Positive Test # (%) 6 (7) 14 (18) 

Left Hip Abductor Muscle 

Strength (Nm/kg), x̄ (95%CI)  

 

1.6 (1.3 to 1.9) 

 

1.5 (1.2 to 1.7) 

Negative Test # (%) 76 (93) 66 (82) 

Left Hip Abductor Muscle 

Strength (Nm/kg), x̄ (95%CI)  

 

1.5 (1.5 to 1.6) 

 

1.5 (1.4 to 1.6) 
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3.5 Discussion 

To date, only a few studies have specifically examined the underlying mechanical 

theory of the TT using objective analysis. We aimed to determine if in fact an empirical 

relationship exists between HABD strength and cPD measured during the Trendelenburg 

test consistent with Trendelenburg’s theory.   

In contrast to our hypothesis, the results of the correlation analysis showed only weak 

and non-significant negative correlations between HABD strength and cPD within both the 

control and NSLBP groups, indicating that HABD strength was not a significant predictor 

of the frontal plane position of the pelvis.   However, our results are consistent with the 

results of two similar correlational studies that have investigated this relationship in healthy 

controls (DiMattia Livengood, Uhl, Mattacola, & Malone, 2005) and individuals with 

NSLBP (Kendall, Schmidt, & Ferber, 2010).  DiMattia Livengood, Uhl, Mattacola, & 

Malone, (2005) found weak positive correlations (r=0.22, p=0.13) between HABD strength 

and hip adduction angle measured during the TT using 2D motion analysis.  The authors 

used the increase in hip adduction angle moving from bilateral to unilateral stance with the 

hip adduction angle measured as the outcome for the correlation.  Average increases of 5° 

were reported with the values for hip adduction during bilateral stance of 10°±4° increasing 

to 15°±4° during unilateral stance (DiMattia Livengood, Uhl, Mattacola, & Malone, 2005).  

Kendall, Schmidt, & Ferber, (2010) studied the relationship between HABD strength and 

the magnitude of pelvic drop during the TT using 2D motion analysis and reported non-

significant negative correlations between HABD strength and pelvic drop in individuals 

with NSLBP (Right TT: r=-0.32, p=0.36, Left TT: r=-0.24, p=0.50) and controls (Right TT: 
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r=-0.24, p=0.48, Left TT: r=-0.41, p=0.22).  Pelvic drop values were reported 

(median:IQR) for both controls (Right TT:-2.2°:-4.3-0.7, Left TT:-2.0°:-4.8-1.2), and 

individuals with NSLBP (Right TT:-1.6°:-5.6-2.6, Left TT:-1.9°:-7.0-1.7) with negative 

values indicating a pelvic hike position and positive indicating a pelvic drop position 

relative to the horizontal of 0° (Kendall, Schmidt, & Ferber, 2010).  When considered 

together, the results of both the previous investigations and current study do not provide 

empirical support for Trendelenburg’s mechanical theory and are strengthened by the fact 

that despite the slight variations of the measured biomechanical outcomes, the correlation 

results remain consistent between studies.   

Therefore, the current study provides further evidence that frontal plane pelvic 

position, or the outcome of the TT, cannot be predicted based upon the measured strength 

of the HABD muscles alone. However, it is important to discuss factors that may have 

influenced the measured relationship.   Frist, all studies to date and including ours have 

used isometric strength testing via dynamometry to quantify HABD strength in a hip 

abduction neutral position.  However, a common criticism of isometric testing is that it 

does not represent the functional performance of the muscle group during dynamic tasks 

(Sapega, 1990).  For example, isometric HABD strength values obtained in a non-weight 

bearing and open kinetic chain position does not represent the functional strength required 

during a dynamic weight bearing and closed kinetic chain test like the TT.  Therefore 

isometric HABD muscle strength measures still may not fully represent the required 

function of the HABD muscle group during the functional task of single leg stance and may 

have contributed to the weak correlations between HABD strength and cPD.   
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Second, Mundermann, Asay, Mundermann, & Andriacchi, (2008) have demonstrated 

that voluntarily increasing lateral trunk sway towards the stance leg during walking in 

healthy subjects results in significant reduction of knee and hip moments.  In the context of 

the current study, a lateral trunk lean towards the stance limb during the static TT will shift 

the centre of the mass laterally, shorten the moment arm of the hip, reduce hip internal 

adduction moment, and as a result reduce the HABD strength required to support the hip.  

In the currently study, we carefully standardized the trunk and arm position during the TT 

specifically to minimize the effect of lateral trunk sway on the measured relationship 

between HABD strength and cPD.  However, considering trunk lean was not measured in 

the current study, or any of the previously mentioned studies, its specific effect on the 

reported relationships is unknown.   

Finally, the control of frontal plane pelvic position during single leg stance simply 

cannot be attributed to HABD strength alone.  Grimaldi, (2011)
 
discusses that the control of 

frontal plane pelvic alignment during single leg stance requires the dynamic action of the 

entire lateral stability or abductor mechanism which includes the tensor facia latae, the 

iliotibial band, the gluteal muscles, and the vastus lateralis.  In addition, the mechanical 

theory surrounding lumbopelvic stability suggests that large trunk muscles such as the 

erector spinae, the rectus abdominus, the internal and external obliques, and the psoas 

major all assist in transferring load from the trunk to the pelvis and assist in the mechanical 

stabilization of the spine (Bergmark, 1989).  Therefore, the TT outcome may at best, reflect 

the overall ability of many muscle groups to perform the single leg stance task and maintain 
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pelvic position.  Considering HABD strength was the only measured predictor, it is not 

surprising to see only a weak correlation.  

The secondary aim was to establish whether a positive TT outcome could be 

associated with a specific threshold of isometric HABD strength.  The measured HABD 

strength values were similar between those demonstrating positive and negative TT 

outcomes within both control and NSLBP groups and suggest that the creation of critical 

criteria for TT outcomes may not be realistic.  However, the lack of significant correlation 

and the small number of positive TT outcomes limited the ability to provide much insight 

into threshold strength values associated with the TT outcome.  However the study does 

provide initial data from which further investigations can be compared and the results do 

not preclude that establishing of critical criteria within other clinical populations with 

greater impairments of HABD strength may be possible and useful.    

Two limitations of the study are acknowledged.  The first limitation is the 

generalizability of the NSLBP group results.  The individuals with NSLBP demonstrated 

low levels of disability and similar HABD strength to that of the controls in the study.  

Therefore, the individuals with NSLBP represented a high functioning group which may 

only reflect a small portion of the larger distribution of individuals with NSLBP.  

Therefore, the results should not be considered representative of the entire population of 

NSLBP.  However, the results do provide initial conclusions that help to support further 

investigations that will provide better quantitative guidelines for the use of the TT in 

clinical practice and in research.   The second limitation of the study was the use of 2-

dimensional kinematic analysis to study the biomechanical motion of the pelvis which 
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occurs in 3-dimensions.   We acknowledge that pelvic motion within the sagittal and 

transverse planes was not accounted for.  However, the assessment of the frontal plane 

motion only, was chosen because as it represents the view that clinicians have while 

individuals perform and we felt that the simplicity of the 2D measurement would provide 

more clinically relevant and useful information for practitioners.   

 

3.6 Conclusion 

The results of this study question the validity of the TT as functional measure of 

HABD strength.  It is clear that the HABD muscles alone are not responsible for 

maintaining frontal plane pelvic position thus maintaining pelvic stability during the TT.  

The outcome of the TT may also reflect the differences in individual positional strategies 

and the reliance on other muscle groups to perform the single leg stance task.  Therefore, 

the sole use of the TT as a measure of HABD function or to assess the pelvic stability 

should be discouraged.   

 

3.7 Bridge to Next Chapter 

This correlation study was primarily designed to investigate the mechanical theory 

underlying performance of the TT.  Our results indicate that HABD strength is not a 

significant predictor of frontal plane pelvic position and suggests that these muscles are not 

primarily responsible for the control of frontal plane pelvic stability.  The results also 

indicate that frontal plane pelvic position (the outcome of the TT) should not be solely 
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attributed to the abilities of the HABD muscles.  Note: this study is currently submitted for 

peer-review to the Journal of Athletic Training (JAT0026-13). 

To build upon this study, we aimed to further test the TT theory using direct 

experimental methods.  Our second study used an ultrasound guided nerve block technique 

on the superior gluteal nerve to experimentally reduce the strength of the HABD muscles 

and subsequently measure the resultant frontal plane mechanical compensations in order to 

specifically examine the effect of reduced HABD strength on frontal plane pelvic stability. 

Note: this study was published in the Clinical Journal of Sports Medicine (2013: 

Jan;23(1):45-51). 
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Chapter Four: Steps towards the validation of the Trendelenburg test: The effect of 

experimentally reduced hip abductor muscle function on frontal plane mechanics. 

4.1 Abstract  

Objective: To investigate the validity of the Trendelenburg test (TT) using an ultrasound 

guided nerve block (UNB) of the superior gluteal nerve and determine whether the 

reduction in hip abductor muscle (HABD) strength would result in the theorized 

mechanical compensatory strategies measured during the TT.  Design: Quasi-experimental. 

Setting: Hospital. Subjects: Convenience sample of nine healthy males.  Only subjects 

with no current or previous injury to the lumbar spine, pelvis, or lower extremities, and no 

previous surgeries were included. Interventions: UNB.  Main Outcome Measurements: 

HABD strength (%BW), contralateral pelvic drop (cPD), change in contralateral pelvic 

drop (∆cPD), ipsilateral hip adduction (iHADD) and ipsilateral trunk sway (TRUNK) 

measured in degrees (°) Results: Subjects’ age was median 31yrs (IQR:22-32yrs); and 

weight was median 73kg (IQR:67-81kg).  An average 52% reduction of HABD strength 

(z=2.36,p=0.02) resulted following the UNB.  No differences were found in cPD or ∆cPD 

(z=0.01,p= 0.99, z=-0.67,p=0.49).  Individual changes in biomechanics show no 

consistency between subjects and non-systematic changes across the group.  One subject 

demonstrated the mechanical compensations described by Trendelenburg.  Conclusions: 

The TT should not be used as screening measure for HABD strength in populations 

demonstrating strength greater than 30%BW but reserved for use with populations with 

marked HABD weakness.  Clinical Relevance: This study presents data regarding a 

critical level of HABD strength required to support the pelvis during the TT.   
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4.2 Introduction 

Trendelenburg first described an abnormal gait pattern in 1895, and hypothesized that 

the Trendelenburg gait resulted from a drop in pelvic position on the swing leg side as 

bodyweight is transferred to the opposite leg during walking (Trendelenburg, 1998).  He 

discussed that the drop in pelvic position resulted from the inability of the weight bearing 

hip abductor muscles (HABD) to keep the pelvis horizontal (Trendelenburg, 1998).  The 

Trendelenburg Test (TT) was subsequently developed based on this theoretical construct 

and continues to be utilized today in clinical
 
assessment of the lower back, pelvis and hip 

(Lee, 2011; Magee, 2007; Starkey, & Ryan, 2002),
 
and as a functional outcome measure in 

orthopedic research (Baker, & Bitounis, 1989; Picado, Garcia, & Marques, 2007).    

The TT is used to assess the functional strength of the HABD muscles 

(Trendelenburg, 1998), their ability to control frontal plane motion of the pelvis (Lee, 2011; 

Roussel, Nijs, Truijen, Smeuninx, & Stassijns, 2007), and the ability of the lumbopelvic 

complex to transfer load into single leg stance (Lee, 2011; Roussel, Nijs, Truijen, 

Smeuninx, & Stassijns, 2007).  Although a standard method to perform the test has been 

described for use within clinical populations (Hardcastle, & Nade, 1985), only a few 

studies have investigated Trendelenburg’s hypotheses (DiMattia, Livengood, Uhl, 

Mattacola, & Malone, 2005; Kendall, Schmidt, & Ferber, 2010; Youdas, Madson, & 

Hollman, 2010).   

DiMattia, Livengood, Uhl, Mattacola, & Malone (2005), investigated the usefulness 

of the TT as a screening measure for HABD using biomechanical methods.  Measures of 

isometric HABD strength and peak ipsilateral hip adduction (iHADD) were found to have 
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weak and non-significant correlation during the TT (DiMattia, Livengood, Uhl, Mattacola, 

& Malone, 2005).  Results indicate that TT has little relationship to isometric HABD 

strength within a young healthy population and that the validity of the TT as a screening 

measure for HABD strength is questionable (DiMattia, Livengood, Uhl, Mattacola, & 

Malone, 2005).   

Kendall, Schmidt, & Ferber (2010), investigated the relationship between HABD 

strength and the magnitude of contralateral pelvic drop (cPD) in non-specific low back pain 

patients and controls
 
prior to and following a HABD strengthening program.  HABD 

strength was poorly correlated to peak cPD during the static TT for both groups (Kendall, 

Schmidt, & Ferber, 2010).  Despite significant increases in HABD strength, no differences 

in cPD were measured (Kendall, Schmidt, & Ferber, 2010), suggesting that the HABD 

muscles may not be primarily responsible for controlling frontal plane pelvic motion.  

Youdas, Madson, & Hollman, (2010), tested the usefulness of the TT in identifying 

patients with hip osteoarthritis from controls using validity indices.  Despite significant 

differences in HABD strength between the two groups, poor sensitivity, specificity, and 

receiver operating curve (ROC) values were reported (Youdas, Madson, & Hollman, 2010).  

The authors suggest that the TT provides “no better information than a 50:50 chance of 

identifying hip osteoarthritis patients from controls” (Youdas, Madson, & Hollman, 2010).   

Previous studies have generally shown that the use of the TT is limited.  These 

studies have sought to indirectly determine the relationships between HABD strength and 

measures of frontal plane motion.  Only one study has sought to directly investigate the 

ability of the HABD to function as the primary frontal plane stabilizers of the pelvis 
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(Henriksen, Aaboe, Simonsen, Alkjaer, & Bliddal, 2009).  These authors investigated 

changes in mechanics following an intramuscular saline injection into the gluteus medius 

muscle.  Despite the significant reduction in muscle activity, no differences in trunk lean or 

pelvic drop angles were measured (Henriksen, Aaboe, Simonsen, Alkjaer, & Bliddal, 

2009).  However, the methods used in study induced a pain response and may have resulted 

in a measured anatalgic gait pattern rather than altered frontal plane pelvic motion as a 

consequence of reduced HABD function.   

If the true relationship between HABD strength and the changes in hip/pelvis position 

are to be measured, there needs to be a method of reducing the function of the muscles 

without evoking a pain response.  Further, to directly investigate the validity of the TT, 

measurement of the compensation patterns at the pelvis and hip specifically during the TT 

requires examination.  

The purpose of this study was to determine whether a unilateral nerve block (UNB) 

of the superior gluteal nerve and subsequent reduction in HABD strength would result in 

the theorized compensatory strategies of the pelvis, hip, and trunk measured during the TT.  

It was hypothesized that following the UNB, there would be an increase in the frontal plane 

motion of the pelvis (increased contralateral pelvic drop), hip (increased ipsilateral hip 

adduction), and trunk (lateral sway) over the standing limb.   
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4.3 Methods 

4.3.1 Subjects 

A convenience sample including nine healthy male subjects was recruited. Inclusion 

criteria were: greater than 18 years of age, no current or previous injury to the lumbar spine, 

pelvis, or lower extremities within the last 12 months, and no previous surgery to the 

lumbar spine, pelvis, or hip. Only subjects that demonstrated pelvic alignment and equal 

leg length, as assessed by standard clinical methods of a Certified Athletic Therapist (KK) 

and 5 out of 5 scores bilaterally on manual muscle testing of the HABD were included in 

the study.   

An a priori sample size was estimated upon the primary biomechanical outcome 

variable, cMPD measured in degrees (º).  Using estimates of variability from the literature 

(Willson, & Davis, 2008; Chumanov, Wall-Scheffler, & Heidersheit, 2008), and α=0.05, 

and β=.20, it was determined 6 subjects would achieve 89% power to test the hypothesis 

and would provide adequate protection from type I and II errors.  All subjects signed an 

informed consent approved by the Conjoint Health Research Ethics Board.  

 

4.3.2 Procedures 

4.3.2.1  Hip Abductor Muscle Strength 

HABD strength was measured using a force dynamometer (Lafayette Instruments, 

Model 01163, Lafayette, IN.) based on published methods (Ireland, Willson, Ballantyne, & 

McClay-Davis, 2003) which have been reported as reliable (Jaramillo, Worrell, & 

Ingersoll, 1994) and shown in Figure 5.1.  One submaximal practice trial and three test 
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trials, with a 30-second rest period between trials were completed.  The average of three 

trials having a coefficient of variation of less than 10% will be used for statistical analysis.  

All force (kg) measures from force dynamometry were converted into Newtons of force 

and then normalized using body mass. All strength testing was completed by the same 

tester.  Intra-tester reliability was calculated using five pilot study control subjects 

(ICC(3,1)=0.90 with a SEM of 0.09 Nm/kg).   

 

Figure 4.1: Participant set up: Hip abductor muscle testing using hand held dynamometry 

with strap method. 

 

 

4.3.2.2  Biomechanical Analysis 

2D mechanics were measured using a 60-Hz camera (Canon GL2-NTSC-3CCD, 

Canon Canada Inc. Mississauga, ON, CANADA) and analysis software (Vicon Motus 9.0, 
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Vicon, Centennial, CO, USA).  2D frontal plane mechanics were chosen to measure the 

cPD as 2D methods have been shown to be an accurate method to measure frontal plane 

movements (Cornwall, & McPoil, 1995).  Between-day variability in cPD during the TT 

using these methods and marker set up ranged from 0.15º to 0.35º (Kendall, Schmidt, & 

Ferber, 2010). Eight 14mm retro-reflective markers were placed along the horizontal axis 

of the pelvis over top of each posterior superior iliac spine, bilateral greater trochanters of 

the femur, bilateral lateral femoral condyles, and bilateral acromion processes of the 

scapula (Figure 5.2:A). The skin areas under each of the markers were inked in order to 

ensure consistency of placement between baseline and post-injection trials.  A standing 

baseline trial and subsequent TTs were performed according to previously described 

methods (Hardcastle, & Nade, 1985).  Subjects were asked to place their hands on their 

hips and alternatively flex right and then left hip to 30 degrees which was standardized 

using a goniometer.  The test position was held for 30 seconds on each limb. Video 

recordings from the camera were digitized and 2D coordinates for the each of the markers 

were determined.  The raw coordinates were used to calculate the frontal plane angles of 

the kinematic variables of interest (Figure 5.2:B-D). All digitization was completed by a 

single investigator.  
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Figure 4.2: Biomechanical Diagram 

A: Marker set up: left acromion process (LAC), right acromion process (RAC), left 

posterior superior iliac spine (LPSIS), right posterior iliac spine (RPSIS), left greater 

trochanter (LGTR), right greater trochanter (RGTR), left lateral femoral condyle (LKNL), 

right lateral femoral condyle (RKNL), right treadmill (RTREAD), left treadmill (LTREAD) 

(horizontal reference)  

B: Trunk sway (TRUNK): angle subtended by a line between the LAC and RAC (level of 

the shoulders) and a line between the LTREAD and RTREAD (horizontal reference)  

C: Contralateral pelvic drop (cPD): angle subtended by a line between the LPSIS and 

RPSIS (level of the pelvis) and a line between the LTREAD and RTREAD (horizontal 

reference)  

D: Ipsilateral hip adduction (iHADD): angle subtended by a line between the LPSIS and 

RPSIS (level of the pelvis) and a line between the RKNL and RGTR (position of the 

femur). 
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4.3.2.3  Ultrasound Guided Nerve Block Procedure 

The primary HABD muscles are comprised of the gluteus medius, minimus and the 

tensor fascia lata musculature.  Through their anatomy and line of action, they play an 

important role in concentrically abducting the thigh, stabilizing the stance hip, and 

maintaining a horizontal pelvic position during single leg stance (Moore, & Dailey, 2006).  

These muscles are solely innervated by the superior gluteal nerve (Standring, 2008).  

Therefore, inhibition of the superior gluteal nerve should result in the inhibition of these 

muscles and subsequent reduction in HABD strength output.   

The UNB procedure was performed by an interventional radiologist with assistance 

of a sport medicine physician using an Acuson Sequoia 512 Ultrasound System, (Siemens 

Medical Solutions USA Inc©, Mountain View, CA), with image capturing and doppler 

color capabilities.  The piriformis muscle, the gluteal vessels, and the superior gluteal nerve 

were scanned using standard ultrasound imaging procedures.  Under aseptic conditions, a 

spinal needle with guide was used to inject 10 ml of a 1% lidocaine solution near the 

branching of the superior gluteal nerve along the fascias between the gluteus medius and 

minimus muscles. The UNB was performed on the right hip for all subjects.  Subjects were 

monitored by the sports medicine physician throughout the UNB procedure.  

 

4.3.2.4  Follow up Testing 

Following the UNB, subjects were transported in a wheelchair to the biomechanics 

laboratory.  HABD strength and biomechanical procedures were repeated and data was 

recorded between 17 and 35 minutes following UNB.  Subjects remained in the laboratory 
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and monitored until a third measure of HABD strength confirmed a return to full function 

(100% of initial strength) between 80 and 120 minutes following UNB. Patients reported 

mild pressure discomfort during the during the UNB and no pain or discomfort while 

performing the strength and biomechanical follow up testing.   

 

4.3.3 Outcome Measures 

The primary variables of interest included cPD, measured as the average peak angle 

calculated during the 20-25sec time interval of the TT, and the change in the magnitude of 

contralateral pelvic drop (∆cPD) measured as the difference in the average peak angles 

calculated during the 5-10sec and 20-25sec time intervals of the TT.  Other variables of 

interest included average peak angles of ipsilateral hip adduction angle (iHADD), and trunk 

sway (TRUNK) angle measured during the 20-25sec time intervals of the TT.  

 

4.3.4 Analysis 

The test-sample size was small (n=9) and data were not normally distributed. Thus 

non-parametric statistics were used for analyses.  Data sets from two subjects were 

removed prior to analysis due to insufficient reduction in HABD strength following the 

UNB procedure (17% and 23%, respectively).  The iHADD biomechanical data from one 

subject was not included due to the inability to digitize the greater trochanter markers.  

Wilcoxon signed-rank tests determined differences in the primary variables of interest at a 

level of significance of 0.05. Changes in the other variables of interest investigating 

possible mechanical compensations following UNB were graphically depicted. 
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4.4 Results 

Seven of the nine subjects’ data were used in the analysis.  Subjects were median age 

31yrs (IQR:22-32); with median height 176cm (IQR:168-181); and median weight 73kg 

(IQR:67-81).  Compared to baseline measures, the subjects demonstrated a 52% reduction 

of HABD strength (z=2.36,p=0.02) following the UNB.  A summary of the baseline and 

post-UNB HABD strength and kinematic data are presented in Table 5.1. Despite the 

significant drop in HABD strength following the UNB procedure, no differences were 

found in cPD or ∆cPD (z=0.01,p= 0.99, z=-0.67,p=0.49).  Figure 5.3 depicts the varied 

relationship between the percent drop in HABD strength and cPD for each subject.  

Individual changes in kinematic variables following the UNB by subject in cPD, TRUNK, 

and iHADD are shown in Figure 5.4.  Following the UNB, the results show no consistency 

in compensatory patterns between subjects and non-systematic changes across the group. A 

summary of the individual mechanical compensation patterns per subject are shown in 

Figure 5.5.  Only Subject 3 demonstrated the mechanical compensation patterns described 

by Trendelenburg: increased cPD, increased ipsilateral TRUNK, and increased iHADD 

(Figure 5.5).  Due to the individual variation in the mechanical compensation patterns a 

post hoc analysis on changes in HABD strength was completed using %BW (Table 4.2).  

Subject 3 dropped to 4.6% HABD strength post-UNB whereas the remainder of the 

subjects ranged between 17.1% and 25.2%.  
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Table 4.1 Summary of strength and kinematic variables measured at baseline and post 

ultrasound guided nerve block while subjects performed the Trendelenburg test: Right 

standing limb 

 

 Baseline 

Median(interquartile range) 

Post Ultrasound Guided Nerve Block 

Median(interquartile range) 

HABD(N/kg) 3.3 (3.0-4.0) 1.8 (1.7 -2.4)* 

cPD(°) 0.4 (-4.1-1.7)** -1.4 (-3.1-0.8)** 

∆cPD(°) 0.3 (0.2- 0.5) 0.5 (-0.1-1.2)** 

TRUNK(°) 3.0 (-0.5 -4.3)*** 2.5 (0.2 -7.9) 

iHADD(°) 81.3 (80.5 -83.8) 81.0 (79.5 -82.4) 

*significant reduction in strength p=0.02 

**Positive numbers indicate contralateral pelvic drop; negative numbers indicate contralateral pelvic hike  

***Positive numbers indicate ipsilateral trunk sway (right); negative numbers indicate contralateral trunk 

sway (left) 

HABD = hip abductor muscle strength, cPD = contralateral pelvic drop, ∆cPD = change in contralateral 

pelvic drop over 30sec trial, TRUNK = trunk sway, iHADD = ipsilateral hip adduction 

 

Figure 4.3: Scatterplot depicting the relationship between the drop (%BW) in hip abductor 

muscle strength and peak contralateral pelvic drop measured between 20-25sec of the 

Trendelenburg test. 
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Figure 4.4: Summary of individual changes in kinematic variables following the ultrasound 

guided nerve block procedure measured during the Trendelenburg Test (standing on the 

right leg). A: contralateral pelvic drop B: trunk sway C: ipsilateral hip adduction.  Zero 

value represents the baseline measure for all subjects.   
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Figure 4.5: Individual actual changes in kinematics during the Trendelenburg test (standing 

on the right leg) grouped by subject. 

 

 

 

 

Table 4.2: Individual values of hip abductor muscle strength at baseline and post ultrasound 

guided nerve block calculated as percent body weight.  Change in strength presented as 

percent body weight (BW) was calculated as the difference between baseline and post 

ultrasound guided nerve block measures.  

    
Subject 

Baseline 

(%BW) 

Post Ultrasound Guided Nerve Block 

(%BW) 

Change 

(%BW) 

1 59.4 25.2 34.2 

2 41.6 17.1 24.6 

3 23.9 4.6* 19.3 

5 32.7 18.5 14.2 

6 31.0 18.1 12.9 

7 33.5 24.5 9.0 

9 33.7 22.8 10.9 
*Subject 3 was the only subject to exhibit the mechanical compensations as described by Trendelenburg 

following the ultrasound guided nerve block.  
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4.5 Discussion 

The TT continues to be used as a functional method to assess the ability of the HABD 

muscles to control frontal plane pelvic motion but no study has directly tested this 

hypothesis.  The current study utilized a novel UNB procedure to investigate the 

mechanical compensations in frontal plane kinematics due to inhibition of the HABD group 

and to test the existing theories of the TT.  

The UNB procedure was successful in significantly reducing HABD strength.  It is 

acknowledged that the use of a novel method rather than previously established methods 

could be considered a limitation of the study.  However, nerve block methods are 

successfully used for local anesthesia during surgery and for rehabilitation interventions 

(Karmakar, Kwok, Ho, Tsang, Chui, & Gin, 2007; Ben-Ari, Joshi, Uskova, & Chelly, 

2009).  In biomechanical research, the ability to perform a temporary nerve block of a 

specific motor nerve and subsequent inhibition of its associated musculature provides an 

excellent opportunity to investigate the mechanical compensations that result.  The UNB 

procedure resulted in an average 52% reduction of HABD strength and did so without 

causing a pain response.  In addition, the kinematic variables of interest measured are 

similar to values previously reported in the literature (Youdas, Mraz, Norstad, Schinke, & 

Hollman, 2007; Youdas, Madson, & Hollman, 2010; Kendall, Schmidt, & Ferber, 2010).  

Thus, the UNB procedure was considered successful in reducing HABD strength and 

allowed for a suitable examination of the true kinematic changes and insight into the 

mechanical compensations that resulted during the TT.     
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It was hypothesized that following the UNB procedure there would be a significant 

increase in the cPD measured during the TT.   The results of the study do not support this 

hypothesis.  Despite the significant reduction in HABD strength, no differences were found 

in cPD or ∆cPD during the TT.  Trendelenburg’s original gait observations were based on a 

patient population with articular abnormalities of the hip and severe muscular atrophy and 

weakness of the HABD group.
 

Trendelenburg suggested that patients with severely 

defective function and consequent lack of active hip abduction would demonstrate the 

increased pelvic drop and ipsilateral trunk sway and result in the Trendelenburg gait pattern 

(Trendelenburg, 1998).  Subjects in the current study were healthy subjects and prior to the 

UNB, and demonstrated 5/5 scores on standard manual muscle tests.  Even with the 

significant drop in in HABD strength, there were no significant changes in mechanics.   

Other studies involving the TT using healthy subjects have found poor relationships 

between HABD strength and iHADD (DiMattia, Livengood, Uhl, Mattacola, & Malone, 

2005), and between HABD strength and cPD (Kendall, Schmidt, & Ferber, 2010) which 

supports the idea that the TT may only be useful if used to determine critical functionality 

of the HABD group when strength is severely limited.  In the current study, an average 

52% reduction in HABD strength was insufficient to produce the frontal plane motion 

compensations as described by Trendelenburg.  All of these results suggest that the TT 

should not be used as screening method for functional HABD strength in healthy 

populations but rather only be used to screen patient populations with marked weakness in 

order to determine critical levels of functional strength. 
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It was further hypothesized that following the UNB procedure that subjects would 

demonstrate the mechanical compensation patterns of a positive finding on the TT 

(increased ipsilateral TRUNK and iHADD).  Subjects demonstrated no consistency in 

compensatory patterns but rather individual and varied responses of iHADD and TRUNK 

movement following significant reductions in HABD strength.  Only Subject 3 

demonstrated the mechanical compensations described by Trendelenburg (1998) and 

therefore a post hoc analysis of individual values of HABD strength measured prior to and 

following the UNB was completed.  This was done to determine if a critical value of 

required HABD strength for a negative TT could be identified.  Calculations on the post-

UNB strength data revealed a range of 4.6%-25.2%BW. Subject 3 demonstrated the lowest 

HABD strength (4.6%BW) following the UNB while all other subjects had strength values 

at least 17%BW or higher.   

The study by Youdas, Madson, & Hollman (2010) used HABD strength calculated as 

%BW and pelvic on femoral angle measured during the TT in order to discriminate 

between patients with hip osteoarthritis and controls.  The patients were significantly 

weaker than controls (36%BW vs. 41%BW) respectively, but the TT was unable to detect 

the differences in pelvic on femoral angle. The results suggest that the TT may not be 

useful to discriminate between populations with values of HABD strength greater than 

30%BW and are further supported by the findings of the current study.  In the present 

study, subjects demonstrating greater than 17%BW post-UNB did not specifically 

demonstrate the increased cPD as expected based upon the theory driving the TT.   
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Therefore, based on the work of Youdas, Madson, & Hollman (2010) and our 

findings, there is likely a critical level of HABD strength needed to support a negative TT 

(a horizontal pelvic position).  From our data, it could be suggested that individuals with 

HABD strength less than 10%BW would be expected to demonstrate a positive TT (a drop 

in the contralateral pelvis). Considering that 10%BW represents such a low quantity of 

HABD strength, the use of the TT as the sole measure to assess the ability of the HABD 

muscles to support frontal plane pelvic motion may not be appropriate.   

 

4.6 Conclusion 

The TT as a single test to specifically asses HABD function or to identify HABD 

weakness is not appropriate within healthy populations and populations that demonstrate 

greater than 30%BW HABD strength. The results suggest a critical level of HABD strength 

(10%BW) may be sufficient to demonstrate a negative TT.  However, this value represents 

a low critical level of strength and indicates that the TT alone to assess frontal plane 

stability of the pelvis may not be appropriate.  Additional research is needed to understand 

how best to utilize the TT and to assess frontal plane stability of the pelvis.   

 

4.7 Bridge to the Next Chapter 

This second study used experimental methods in order to direct investigate the effect 

of reduced HABD strength on frontal plane pelvic position and pelvic stability during the 

TT.  The study was successful in presenting objective HABD strength data that helps to 

better interpret the TT outcome and provides evidence to support recommendations 
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surrounding its use.  The results revealed that an average 52% reduction in HABD strength 

was insufficient to produce a significant change contralateral pelvic position measured 

during the TT.  In fact, the post hoc strength analysis revealed that HABD strength as little 

as 10%BW may be sufficient to demonstrate a negative TT.  Thus, it can be suggested that 

the TT has limited use as a screening measure for HABD strength due to the lack of 

sensitivity in detecting changes in HABD strength especially within healthy populations 

and individuals who do not demonstrate significant HABD weakness.  Finally, the results 

also provide further support that the control of frontal plane pelvic stability is not primarily 

the responsibility of the HABD muscles.   

Our third study provides a link between the biomechanical findings of our first two 

studies and helps to build the hypotheses of our final study: the randomized controlled trial.   

We used a quasi-experimental design and a sample of individuals with NSLBP that 

demonstrated reduced HABD strength in order to measure the effect of muscle 

strengthening on both frontal plane pelvic motion and pain.  By concurrently investigating 

changes in frontal plane pelvic mechanics and changes in pain we aimed to determine 

whether increases in HABD strength could be linked to increased lumbopelvic stability and 

decreased pain within individuals with NSLBP. Note: this study was published in the 

Journal of Sport Rehabilitation (2010: Nov;19(4):422-35). 
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Chapter Five: The relationship between hip abductor muscle strength and the 

magnitude of pelvic drop in patients with low back pain.  

5.1 Abstract 

Context: It has been theorized that a positive Trendelenburg Test (TT) indicates weakness 

of the stance hip abductor musculature (HABD), results in contralateral pelvic drop (cPD), 

and represents impaired load transfer which may contribute to low back pain.  Objective: 

To examine the relationship between HABD strength and cPD during the static TT, and 

while walking, for patients with non-specific low back pain (NSLBP) and healthy controls 

(CON).  A secondary purpose was to examine this relationship in NSLBP following a 3-

week HABD strengthening program. Design: Quasi-experimental Setting: Clinical 

research laboratory. Patients or Other Participants: 20(10NSLBP:10CON). 

Intervention: HABD strengthening.  Main Outcome Measures: Normalized HABD 

strength, cPD during TT, and maximal pelvic frontal plane excursion while walking. 

Results: At baseline, the NSLBP were significantly weaker (31%, p=0.03) compared to 

CON.  No differences in maximal pelvic frontal plane excursion (p=0.72), right cPD 

(p=1.00), or left cPD (p=0.40) were measured between groups.  During the static TT, non-

significant correlations were found between left HABD strength and right cPD for NSLBP 

(r=-0.32,p=0.36) and CON (r=-0.24,p=0.48), and between right HABD strength and left 

cPD for NSLBP (r=-0.24,p=0.50), and CON (r=-0.41,p=0.22). Non-significant correlations 

were found between HABD strength and maximal pelvic frontal plane excursion for 

NSLBP (r=-0.04,p=0.90), and CON (r=-0.14,p=0.68). Following strengthening, NSLBP 

demonstrated significant increases in HABD strength (12% p=0.02), 48% reduction in pain, 
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and no differences in cPD during static TT and maximal pelvic frontal plane excursion.  

Conclusions: HABD strength is poorly correlated to cPD during the static TT and while 

walking in CON and NSLBP.  The results suggest that HABD strength may not be the only 

contributing factor in controlling pelvic stability and the static TT has limited use as a 

measure of HABD function.    
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5.2 Introduction 

Friedrich Trendelenburg first described an abnormal gait pattern in patients with 

congenital dislocations of the hip in 1895 (Trendelenburg, 1998).  He hypothesized that this 

‘swinging’ or ‘waddling’ gait pattern resulted from the inability of the weight bearing hip 

abductor (HABD) muscles to keep the pelvis horizontal(Trendelenburg, 1998).  The 

Trendelenburg Test (TT) has subsequently become a common clinical test used in the 

evaluation of hip and low back pain (Hoppenfeld, 1976, Magee, 2007, Starkey & Ryan 

2002).  Specifically, the TT indirectly assesses functional HABD muscle strength and the 

ability of these muscles to support the transfer of load during single leg stance (Starkey & 

Ryan 2002).  A positive TT test is reported when the contralateral pelvis drops resulting in 

subsequent adduction of the hip and lateral flexion of the trunk over the standing leg to 

maintain balance (Starkey & Ryan 2002).  It has been theorized that a positive TT indicates 

weakness of the HABD musculature and the drop in pelvic position may be a contributing 

factor to low back or hip pain (Hoppenfeld, 1976).  However, very few studies have 

directly tested this hypothesis. 

In 1985, a standard method of performing the TT was described for patients with 

neurological or mechanical disorders of the hip and spine (Hardcastle, and Nade, 1985).  

These authors subjectively examined pelvic drop during a static TT and strength of the 

gluteus medius muscles in a group of 50 healthy controls and 103 patients with various 

neuromuscular disorders.  However, several methodological discrepancies are apparent in 

this study including a lack of a priori normal and abnormal response criteria and poorly 

defined clinical photography, electromyographical, and video analysis procedures.  
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Moreover, these authors did not report any HABD strength data.  Thus, despite proposing a 

standard method for performing the TT, limited information regarding the relationship 

between HABD strength and the response during the TT can be gleaned from this study.   

Petrofsky (2001) objectively measured the pelvic drop associated with the TT and 

aimed to understand the direct relationship to gluteus medius muscle strength.  It was 

reported that following a gait retraining and strengthening program, increases in gluteus 

medius strength and decreases in pelvic drop were measured.  Therefore, these results of 

this study support the hypothesis that the gluteus medius muscle may play a role in the 

stability of the pelvis.  However, the examiners were not blinded to group allocation for the 

strength data collection and the accuracy in measuring the pelvic drop can be improved 

upon using current biomechanical analysis techniques.  Moreover, the subjects included in 

this study had incomplete spinal cord injuries leaving the applicability of the results to the 

general population, more importantly to a LBP population, in question. 

Finally, in a more recent study, isometric HABD strength and frontal plane hip 

motion were correlated during a single leg squat and while performing the TT in 50 healthy 

controls (Di Mattia, Livengood, Uhl, Mattacola, & Malone, 2005).  A weak correlation was 

found between the TT and HABD strength leading these authors to conclude that use of the 

single leg squat and TT were not useful as functional screening measures for HABD 

muscle strength.   

Based on previous literature, the relationship between HABD strength and cPD 

during the TT is inconclusive.  To date, the TT remains a subjective clinical measure of 

pelvic stability and an indirect measure of HABD muscle strength. Theoretically, increased 
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HABD muscle strength should reduce the cPD, increase pelvic stability, and thus have a 

positive effect on reducing the pain associated with non-specific low back pain (NSLBP).  

However, no study has directly tested this hypothesis.   

The primary purpose of this study was to examine the relationship between HABD 

strength and cPD while performing a static TT and mean maximal pelvic frontal plane 

excursion while walking in subjects with NSLBP and healthy controls (CON).  It was 

hypothesized that reduced HABD strength would be negatively correlated with cPD for the 

NSLBP and CON.  A secondary purpose was to examine this relationship in NSLBP 

patients following a 3-week HABD muscle strengthening program. At baseline, it was 

hypothesized that the NSLBP subjects would demonstrate reduced HABD strength, 

increased static cPD, and increased mean maximal pelvic frontal plane excursion compared 

to CON.  It was also hypothesized that following the 3-week strengthening protocol, the 

NSLBP subjects would exhibit an increase in strength and a subsequent decrease in static 

cPD, and mean maximal pelvic frontal plane excursion.  

 

5.3 Methods 

5.3.1 Patients or Participants:   

An a priori sample size power analysis (β=0.20; α= 0.05; desired effect size= 0.66) 

determined that 10-13 participants per group would be necessary to achieve statistical 

significance.  Twenty-two participants were recruited: 12 non-acute NSLBP (pain 

occurring for more than 6-weeks) subjects and 10 CON.  The CON group had a median age 

of 26 years (range:22-47), and consisted of 2 males and 8 females.  The NSLBP group had 
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a median age of 32 years (range:21-51), and consisted of 2 males and 8 females.  Inclusion 

criteria for the NSLBP patients included no pelvic mal-alignment as determined by a 

certified Athletic Therapist (KK), no leg length discrepancy greater than 1.5 cm, no prior 

history of surgery to the lumbar spine, pelvis, or lower extremity, and no previously 

diagnosed scoliosis, discogenic, vestibular or neurological pathology.  The definition of 

NSLBP was consistent with Choi, Verbeek, & Jiang, (2007), as pain occurring between the 

costal margin to the gluteal folds with a severity of at least 3cm on a 10cm visual analog 

scale.  Ten CON subjects, meeting the same exclusion criteria, also participated.  All 

participants signed a written informed consent that was approved by the University of 

Calgary Conjoint Health Research Ethics Board.   

 

5.3.2 Procedures   

5.3.2.1 Biomechanical Analysis 

Both the NSLBP and CON subjects performed the same baseline procedure.  Two 

retro-reflective markers were secured on a tightly-fitted neoprene belt placed directly on the 

skin over the hips and waist areas.  The marker placement on the posterior superior iliac 

spines (PSIS) bilaterally was determined by palpation of an experienced Certified Athletic 

Therapist (KK).   The horizontal line between the PSIS markers represented pelvic position 

and were compared with the markers placed on the treadmill at the level of the belt 

representing the horizontal (Figure 3.1). Subjects performed a baseline standing trial, 2 

static TT trials, and a 30sec walking trial at a speed of 1.34m/s.  For the baseline standing 

trial, subjects were asked to stand with weight evenly distributed on both feet, hip width 
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apart, while the baseline horizontal position of the pelvis was recorded.  The static TT was 

then performed based upon methods described in the clinical orthopedic textbooks of 

Magee (2007).  Two modifications to the test were made to help standardize the 

measurements: 1) subjects were asked to place their hands on their hips and 2) alternately 

flex right and left hip to 60 degrees of flexion and hold the position of hip flexion for 5 

seconds while the biomechanical data was recorded.   The hip flexion angle was controlled 

by measuring and placing tape across the treadmill arms representing 60 degrees of hip 

flexion to which the subjects had to reach and touch with their knee.  Next, subjects walked 

comfortably, without hand support, on the treadmill at 1.34 m/s while data was recorded for 

30 seconds.   

 

Figure 5.1: Marker Set Up 
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Two dimensional (2D) video capture was done using a 60 Hz camera (Canon GL2, 

Canon Canada Inc.).  Digitization was completed using Vicon Peak Motus Version 9.2.0 

software (Vicon Motion Systems Inc., Centennial CO) and the baseline standing position, 

cPD while performing the static TT, and maximal pelvic frontal plane excursion was 

calculated.  The cPD was calculated as the angle subtended by a line between the 2 PSIS 

markers representing the level of the pelvis and a line between the two treadmill markers 

representing the horizontal of the treadmill (Figure 3.2). The cPD on the right (drop of the 

right side of the pelvis) was calculated while performing the static TT on the left stance leg.  

The cPD on the left (drop of the left side of the pelvis) was calculated while performing the 

static TT on the right stance leg.  Both right and left cPD were corrected for baseline 

position of the pelvis.  Maximal pelvic frontal plane excursion while walking was 

calculated as the sum of maximal left and right pelvic drop during one full gait cycle and 

was corrected for baseline position of the pelvis.  Mean maximal pelvic excursion was 

calculated over 5 consecutive footfalls. Pilot testing using the described marker set and the 

modified version of the static TT with 6 CON subjects revealed that between-day 

variability in cPD during the static TT and frontal plane excursion while walking ranged 

from 0.15-0.35 degrees which supports the use of this modified method and marker set up.  
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Figure 5.2: Biomechanical Diagram  

A: Static Trendelenburg L (standing on left leg) with R Pelvic Drop. B: Static 

Trendelenburg R (standing on right leg) with L Pelvic Drop. LPSIS/RPSIS = left/right 

posterior superior iliac spine markers. LTREAD/RTREAD = left/right treadmill markers 

 

 

5.3.2.2 Hip Abductor Muscle Strength 

HABD muscle strength was measured using a force dynamometer (Lafayette Manual 

Muscle Tester: Model 01163, Lafayette, IN) using a “make test” with straps and according 

to the method described by Ireland, Willson, Ballantyne, McClay-Davis, (2003).   This 

method has been reported as reliable (Jaramillo, Worrell, & Ingersoll, 1994) and subjects 

were measured while side lying, with the leg in contact with the table flexed 90 degrees at 

the hip and knee.  A stabilization strap was placed over hips and the dynamometer was 

placed under the strap 3cm above the lateral malleolus of the test limb.  The test limb was 

positioned parallel to the treatment table, directly in-line with their hip.  One submaximal 

practice trial followed by 3 maximal voluntary isometric contractions (MVIC) with 30 sec 

rest period between trials was performed.  The average of the 3 MVIC trials was used for 

the analysis with all trials being within a 10% coefficient of variation of one-another.  All 

force measures were converted into Newtons and then normalized through the following 

equation: Muscle strength = force (N) / body mass (kg) 
2/3

.  This method for adjusting 
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muscle strength to normalize for differences in various estimates of body size has been 

shown to be the most reliable and valid method regardless of sex, age, or level of physical 

activity (Jaric, Ugarkovic, & Kukolj, 2002).  

  

5.3.2.3 Exercise Intervention 

The NSLBP patients were asked to complete a home based 3-week hip abductor 

muscle strengthening protocol including two specific HABD strengthening exercises using 

Resist-A-Band® (Figure 3.3).  The exercises were hip abduction at 0º extension and 

combined hip abduction and hip extension.  The Resist-A-Band® resistance was determined 

by a Certified Athletic Therapist (KK) individually for each patient.  The resistance was 

determined based upon the colour Resist-A-Band® that the NSLBP patient was able to 

complete between 10-15 repetitions with proper form and reported fatigue of the hip 

abductor muscle.  This resistance was kept constant over the 3-week program.  The NSLBP 

patients were asked to complete 3 sets of 10 repetitions daily over the 3-week period.  All 

NSLBP patients were re-tested 3-weeks later and the testing sequence was repeated.    
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Figure 5.3: HABD Exercises A: Abduction at 0° Extension B: Abduction at 45° Extension 

 

 

5.3.2.4 Statistical Analysis:   

The test sample data distributions were not normally distributed and, thus, non-

parametric statistics were used for the data analysis.  Outlier assessment was completed and 

one female from the NSLBP group was removed due to strength data results falling three 

standard deviations below the average following the 3-week strengthening program due to 

reported sickness. The biomechanical data from a second female from the NSLBP group 

was also excluded from the correlation analysis due to being three standard deviations 

above the average measure of maximal pelvic frontal plane excursion.  Wilcoxon-Mann-

Whitney U tests were used to examine differences in right and left cPD and mean maximal 

pelvic frontal plane excursion between NSLBP and CON.  Differences in average strength 

and mean maximal pelvic frontal plane excursion for the NSLBP group following the 3-

week strengthening program were examined using the Wilcoxon Signed Rank tests for 

paired data comparisons.  Spearman Rank correlations were used to investigate the 
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relationship between average normalized HABD strength and mean maximal pelvic frontal 

plane excursion while walking at baseline and between the static TT and normalized 

HABD strength for both right and left specific tests.  The level of significance was set to α 

= 0.05.   

 

5.4 Results   

A summary of the demographic and primary outcome measures by group and 

following strengthening is presented in Table 3.1.  Groups were similar in weight (p=0.94), 

age (p=0.32), and height (p=0.86) characteristics. At baseline, NSLBP patients reported a 

median visual analog scale (VAS) score of 5.9cm: range 2.2-8.7 on the 10cm scale and 

completed the maximal strength testing and biomechanical analysis without reported 

increases in pain.    

 

Table 5.1: Results Summary 

   Controls (N=10) NSLBP Patients (N=10) 

 Baseline Baseline 3Week Follow Up 

 Median Range Median Range Median Range 

Age (yrs) 26 22 - 47 32 21-51 32 21-51 

Height (cm) 168 162 - 178 171 156 -180 171 156 - 180 

Weight (kg) 61 53 - 91 61 55-90 61 55-90 

VAS Rating (cm) 0 0 5.9 2.2 - 8.7 1.8 0-6.5 

cPD (Left Trendelenburg Test (deg)* -2 -4.8 - 1.2 -1.9 -7.0 - 1.7 -1.7 -6.6-2.0 

cPD (Right Trendelenburg Test (deg)* -2.2 -4.3 - 0.7 -1.6 -5.6 - 2.6 -1.0 -5.5 -10.6 

Maximal Pelvic Excursion (deg) 7.1 3.5-8.8 6.7 5.5 - 10.4 6.5 5.6 - 10.6 

Normalized Strength HABD (N/kg
2/3

) 9.5 7.2 - 11.9 6.6** 5.4 - 7.7 7.4*** 6.3 - 8.4 

*Negative values indicate a hip hike position positive values indicate a pelvic drop position 

**NSLBP patients were significantly weaker at baseline compared to controls 

***Significant increases in HABD strength following 3 week strengthening program for NSLBP 
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At baseline, the NSLBP patients demonstrated an average of a 31% reduction in 

normalized HABD force output (median 6.6 N/kg
2/3

) compared to CON (median 9.5 

N/kg
2/3

) (p=0.03).   However, no significant differences in mean maximal pelvic frontal 

plane excursion while walking (p=0.72), static right cPD (p=1.00), or static left cPD 

(p=0.40) were measured between groups.  Non-significant negative correlations were found 

between left normalized HABD strength and right cPD for NSLBP patients (r=-0.32, 

p=0.36), and CON (r=-0.24, p=0.48) (Figure 3.4).  Similarly, non-significant negative 

correlations were found between right normalized HABD strength and left cPD for NSLBP 

patients (r =-0.24, p=0.50), and CON (r=-0.41, p=0.22) while performing the static TT 

(Figure 3.4).  In addition, non-significant negative correlations were found between mean 

normalized HABD and mean maximal pelvic frontal plane excursion for either NSLBP 

patients (r=-0.04, p=0.90), or CON (r=-0.14, p=0.68) while walking (Figure 3.5).   

Figure 5.4: Scatterplots depicting relationship between HABD strength and cPD while 

performing the static TT. 
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Figure 5.5: Scatterplot depicting relationship between HABD strength and pelvic excursion 

while walking. 

 

 

Following the 3-week HABD strengthening protocol, NSLBP patients demonstrated a 

12% improvement in normalized strength (baseline: 6.6N/kg
2/3

, 3-week follow up 

7.4N/kg
2/3

, p=0.02).  No significant differences in mean maximal pelvic frontal plane 

excursion while walking (p=0.92), or right cPD (p=0.35), and left cPD (p=0.33) during the 

static TT were found following the 3-week strengthening program.  A 48% reduction in 

pain was reported following the strengthening protocol (median VAS at 3-week follow up: 

1.8cm). A summary of the individual changes in HABD strength, maximal pelvic frontal 

plane excursion, and VAS following the 3-week strengthening program in NSLBP patients 

are presented in Figure 3.6.   
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Figure 5.6: Individual changes in strength, pelvic excursion and VAS scores following 3wk 

HABD strengthening program. 

 

5.5 Discussion 

Considering the paucity of studies investigating the relationship between HABD 

muscle strength and cPD and the continued use of the TT as a functional measure of HABD 

strength, the primary purpose of this study was to examine the relationship between HABD 

strength and cPD during the static TT, and while walking in patients with NSLBP and 

healthy controls.  Considering also that the TT is used as a test of pelvic stability while 

transferring load within the pelvis, and impaired load transfer within the pelvis has been 

associated with low back pain (Roussel, Nijs, Truijen, Smeuninx, & Stassijns, 2007), this 

relationship was studied in patients with NSLBP.  The secondary purpose of the study was 
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to examine this relationship in NSLBP patients following a 3-week HABD muscle 

strengthening program. 

The TT has classically been used as a measure of the functional strength of the 

HABD musculature and the ability of these muscles to stabilize the pelvis during single leg 

stance (Trendelenburg, 1998).   Abduction of the thigh is a result of the actions of the 

gluteus medius, minimus and the tensor fascia lata musculature (Moore, & Dalley, 2006).  

The gluteus medius and minimus muscles have proximal attachments on the external 

surface of the ilium beneath the gluteus maximus muscle and attach to the lateral and 

anterior surface of the greater trochanter of the femur (Moore, & Dalley, 2006).  The tensor 

fascia has its proximal attachment to the anterior superior iliac spine and shares a common 

attachment via the iliotibial tract to the lateral condyle of the tibia and acts to assist the 

gluteus medius and minimus to abduct and internally rotate the thigh (Moore, & Dalley, 

2006).  Theoretically, all 3 muscles, through their anatomy and respective lines of action, 

should play an important role in stabilizing the hip, preventing hip adduction, and 

stabilizing the pelvis during single leg stance and while walking in healthy individuals or 

patients with NSLBP.  Indeed, this is the central premise upon which the TT has been 

based since first discussed in 1895.  However, the results of the current study suggest that 

HABD muscle strength is not significantly correlated to the cPD measured during either the 

static TT or to maximal pelvic frontal plane excursion while walking.  Despite the 

anatomical theory and classical use of the TT as an indirect measure of functional strength 

of the HABD musculature, the results of this study do not provide evidence to support this 

theory.     
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Previous research has investigated this relationship during running and walking 

following experimentally reduced HABD function in healthy subjects (Burnet, & Pidcoe, 

2009; Henriksen, Aaboe, Simonsen, Alkjaer, & Bliddel, 2009).  For example, Burnet and 

Pidcoe studied the correlation between maximal isometric gluteus medius muscle torque 

and frontal plane pelvic motion during running.  This research aimed to link isometric 

gluteus medius strength and the cPD but found that the strength of the gluteus medius 

musculature was a poor predictor of frontal plane motion (Burnet, & Pidcoe, 2009).  Non-

significant negative correlations were reported between gluteus medius strength and peak 

pelvic drop which is consistent with the results of the current study.  Henriksen, Aaboe, 

Simonsen, Alkjaer, & Bliddel, (2009) studied the changes in kinematics in healthy subjects 

following experimentally reduced HABD function by intramuscular injections of saline 

solution.  Despite a reported 39.6% reduction in peak gluteus medius EMG activation and a 

significant reduction in internal hip abductor moment, subjects demonstrated no significant 

change in pelvic drop and no significant increase in medio-lateral trunk sway (Henriksen, 

Aaboe, Simonsen, Alkjaer, & Bliddel, 2009).  In addition the authors state that no signs of 

the Trendelenburg gait were observed following injection.  However caution must be taken 

in the interpretation of this study as the methods used to reduce HABD function also caused 

local muscle pain such that the changes in gait parameters that occurred may simply reflect 

an antalgic gait pattern rather than the true effect of reduced HABD function.  Regardless, 

the results of both aforementioned studies suggest that frontal plane pelvic stability may not 

be solely the responsibility of the HABD muscles and other muscles may play an important 

role.   
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Biomechanical modeling studies have investigated individual muscle contributions to 

whole body support of the centre of mass during walking that may provide insight into the 

possibilities of other contributing muscle groups (Anderson, & Pandy, 2003).  Anderson & 

Pandy (2003) have identified the contribution of the HABD musculature to support during 

single leg stance but also suggest that other muscles significantly contribute to whole body 

support of the center of mass during walking. At midstance, these authors reported that 

with significant assistance from passive resistance of bones and joints, the gluteus medius 

and minimus provided nearly all the support (Anderson, & Pandy, 2003).   However, from 

foot flat to contralateral toe-off, representing the loading phase of gait, the gluteus maximus 

and the vasti musculature, as well as the gluteus medius and minimus muscles, contribute 

significantly to whole body support (Anderson, & Pandy, 2003).  Although this study 

indirectly supports the role of the HABD muscles in maintaining pelvic stability in 

midstance (single leg stance), it also suggests that for the dynamic control of the body 

during walking, the HABD muscles must be assisted by other muscles such as the gluteus 

maximus.  An obvious limitation of this article is that the contribution of muscles to 

individual joint motion of the pelvis is not discussed which would be very useful in 

understanding the specific role of the HABD to frontal plane pelvic stability.  Regardless, 

these studies provide important information suggesting that the hip abductor muscles may 

not be the only muscles responsible for maintaining pelvic stability during the single leg 

stance phase of gait. 

Another possible reason for the poor correlations found between HABD strength and 

the MPD in the present study could be medio-lateral sway of the trunk as a functional 
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compensation during the static TT or while walking.  Mundermann, Asay, Mundermann, & 

Andriacchi (2008) discussed the implications of increased medio-lateral trunk sway for 

ambulatory mechanics. Investigating a group of healthy subjects who voluntarily increased 

medio-lateral sway of the trunk while walking, these authors reported that increases in 

lateral lean towards the stance limb can reduce the moments at the hip and knee.  In the 

context of the current study, a lateral trunk lean towards the stance limb during the static 

TT will shift the centre of the mass laterally, shortening the moment arm of the hip, 

reducing the hip internal adduction moment, and thus requiring less external hip abduction 

moment to maintain stability.  Therefore, a possible compensation for HABD weakness 

may be that individuals will adopt an increase in lateral trunk lean towards the stance limb 

in order to reduce the force requirement of the HABD to maintain pelvic stability.   

Unfortunately, the current study did not place markers on the trunk to measure lateral lean.  

However, subjects were instructed to maintain a vertical trunk position during the static TT 

and were asked to repeat the task if excessive lean was observed. Therefore, in order to 

directly measure the relationship between HABD and MPD during the static TT caution 

must be taken to ensure standardization of the trunk position.  Future, research involving a 

more comprehensive biomechanical model is thus necessary to help answer these 

questions. 

The TT is commonly used in the clinical evaluation of NSLBP patients as a 

functional measure of frontal plane pelvic stability and the ability of the patient to transfer 

load into single leg stance (Roussel, Nijs, Truijen, Smeuninx, & Stassijns, 2007). 

Instability, as a result of improper or insufficient muscle recruitment (Silfies, Squillante, 
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Maurer,Westcott, & Karduna, 2005), movement patterns (Richardson, Snijders, Hides, 

Damen, Pas, & Storm, 2002), and strength (Descarreaux, Normand, Laurencelle, & Dugas, 

2002) has been related to sacroiliac joint and low back pain.  Therefore, it was 

hypothesized that NSLBP subjects would exhibit reduced HABD muscle strength, 

increased static cPD during the TT, and increased maximal pelvic frontal plane excursion 

compared to controls at baseline.  It was also hypothesized that following a 3-week hip 

abductor muscle strengthening protocol, there would be an increase in HABD strength, 

decreases in cPD, decreases in maximal pelvic frontal plane excursion, and decreases in 

pain.  The results of the present study only partially support these hypotheses.   

At baseline, the NSLBP group exhibited significantly reduced HABD maximal 

isometric strength compared to CON.  However, no significant differences in cPD were 

measured while performing the static TT, and no significant differences in maximal pelvic 

frontal plane excursion were measured while walking between groups.  In addition, despite 

significantly increasing their HABD strength over the 3-week protocol, and decreasing pain 

by 48%, NSLBP patients did not demonstrate changes in the cPD.  These results suggest 

that the static TT has limited sensitivity in discriminating increases in the strength of the 

HABD within this patient population and that the TT has limited use as a functional 

measure of HABD strength.  Future research to better understand the biomechanical and 

neuromuscular contributors to the aetiology and rehabilitation of NSLBP are therefore 

necessary.   
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5.6 Limitations 

Several limitations to the current study are acknowledged.  First, biomechanical 

motion of the pelvis occurs in 3 dimensions and thus 2D biomechanical data may not 

represent true pelvic frontal plane motion.  However, this method of analysis was chosen as 

representative of the view that clinicians have while performing the TT.  We acknowledge 

that 2D measurement involves movement within the sagittal and transverse planes that will 

not be accounted for.  However, we feel that the simplicity of the 2D measurement will 

provide more clinically relevant and useful information for practitioners.  With respect to 

using 2D analysis to accurately describe frontal plane motion, Cornwall, & McPoil (1995) 

compared the use of 2D and 3D systems for analysis of the rearfoot motion in the frontal 

plane, and found that 2D analysis can be accurately used.  Although similar studies have 

yet to be done for pelvic motion, based on the findings of Cornwall, & McPoil (1995) the 

frontal plane motions of cPD and pelvic excursion measured in the current study can be 

accurately defined by 2D analysis.  

The described method of performing the TT has not been previously used in research. 

However, the method used was based on methods described by clinical assessment 

textbooks with the addition of the previously described modifications to help ensure 

standardization in performing the test.  Hardcastle & Nade (1985) have established a 

standardized method of performing the test, but this method relies on the repositioning of 

the patient and support if needed for balance.  Therefore, this particular method is not 

conducive to investigating the direct relationship between HABD and cPD and may not be 

appropriate from a test-retest reliability perspective.  Therefore, based upon the lack of a 
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published reliable method of performing the test, it was decided that the method described 

in the paper would be most appropriate and was supported by the day-to-day variability 

estimates. Based upon published clinical measurement, the TT method was standardized 

such that pelvic drop could be objectively and reliably measured by biomechanical 

analysis.     

  

5.7 Conclusion 

No significant correlations were measured between HABD muscle strength cPD 

while performing the TT or while walking for either NSLBP or CON.  Therefore, the 

premise that strength of the HABD muscles alone is responsible for maintaining a 

horizontal pelvic position and preventing cPD is not well supported.    NSLBP subjects 

demonstrated 31% reduced HABD force output compared to CON yet no significant 

differences in right or left cPD during the static TT or maximal pelvic frontal plane 

excursion while walking were measured between groups. Despite significant increases in 

HABD strength and significant decreases in pain following a 3-week muscle strengthening 

protocol, NSLBP patients demonstrated no significant changes in the cPD or maximal 

pelvic frontal plane excursion.  Thus the TT may not be sensitive to changes in HABD 

strength and its use as an outcome measure appears to be limited. 

 

5.8 Bridge to the Next Chapter 

Building upon the results of the previous biomechanical based studies, study three 

aimed to again examine the TT theory and potential linkages between the TT and HABD 
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strength.  However, this time we investigated these aims within a small sample of control 

subjects and in individuals with NSLBP following a specific HABD strengthening 

program.  In addition to measuring the change in frontal plane mechanics we concomitantly 

measured self-reported change in pain within the NSLBP group as a clinical outcome.  At 

baseline, the NSLBP group exhibited significantly reduced HABD strength compared to 

the controls, but no differences in frontal plane pelvic position were measured.  Despite 

significantly increasing their HABD strength over the 3-week protocol, the NSLBP group 

did not demonstrate significant changes frontal plane pelvic mechanics, but they did 

decrease their pain by 48%.   These results again show that the TT lacks the sensitivity to 

identify differences and changes in HABD strength and when combined with the results of 

our two previous studies, strongly question the validity of the TT and once again the results 

do not support its use as a measure of functional HABD strength.   

Our final study was a randomized controlled trial that compared two exercise 

therapy programs and involved 80 individuals with NSLBP.  Based on the underlying 

theory of lumbopelvic stability, the mechanical links between the lumbar spine, pelvis, and 

hip, and based on the findings of our previous biomechanical studies, we hypothesized that 

the addition of hip muscle strengthening exercises to a motor control exercise program 

would enhance lumbopelvic stability and result in greater reductions in pain and disability.  

Self-reported measures of pain and disability and biomechanical analysis were measured 

concurrently and allowed for the further examination of the TT as a measure of 

lumbopelvic stability and the study of the potential underlying mechanisms of pain and 

disability for individuals with NSLBP.   
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It should be noted that the comparisons originally planned for the randomized 

controlled trial and indicated within the research proposal and ethics approval included 

baseline, 3-week, and 6-week post intervention primary and secondary outcome measures.  

However, the analysis included only a comparison of the baseline and 6-week measures.  

The decision was made to eliminate the 3-week hip strength and biomechanical 

measurements due to the logistical concerns and time constraints of the participants and the 

booking the clinical research space.  The 3-week VAS and ODI data was collected but not 

included in the analysis as it was determined that utilizing the 6-week follow-up data 

provided a better temporal comparison and from which comparisons to the current literature 

could be made.   
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Chapter Six: The effect of hip muscle strengthening on pain and disability for 

individuals with non-specific low back pain: a randomized controlled trial 

6.1 Abstract 

Title: The effect of hip muscle strengthening on pain and disability for individuals with 

non-specific low back pain: a randomized controlled trial.   

Authors:  Karen D. Kendall, Carolyn A Emery, Preston J Wiley, Reed Ferber   

Design: A single-blind, parallel randomized controlled trial. 

Objectives: To compare the efficacy of a lumbopelvic motor control exercise program and 

a combined exercise program including lumbopelvic motor control exercises and hip 

strengthening exercises in reducing pain and disability for individuals with non-specific 

low back pain (NSLBP).   

Methods: Outcomes were measured at baseline and following a six-week home based 

exercise intervention.  Participants attended six weekly rehabilitation appointments 

including six sessions of biofeedback training using real time ultrasound imaging of the 

lumbopelvic muscles.   

Participants & Setting: Participants were between 18-65 years, had a minimum score of 

50mm on the VAS scale and consistent pain for a minimum of six weeks.  Only individuals 

who did not report red flag symptoms, were free of scoliosis, neurological impairment, and 

discogenic pathology, had no previous history of surgery to the lumbar spine, abdomen, 

pelvis or hip, had not undergone radiological treatment within the past 3 months, were not 

pregnant or within 1 year of giving birth, and had no previous or ongoing complication 

from lower extremity injury or surgery in the past year were included in the study.  
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Participants were recruited from eleven community-based general medical practices and 

through newspaper advertisement and two television media interviews. The study took 

place in a university clinical research laboratory. 

Interventions: Group One completed a lumbopelvic motor control exercise program and 

Group Two completed a combined exercise program including the lumbopelvic motor 

control exercise program and hip strengthening exercises. 

Outcome Measures: The primary outcomes were pain, measured on a 0-100mm visual 

analogue scale, and disability, measured with the Oswestry Disability Index Version 2.0.  

The secondary outcomes were hip strength measured using force dynamometry (N/kg) and 

two-dimensional frontal plane biomechanics measured using motion analysis (°). 

Randomization: A simple computer generated randomization was completed by a clinic 

administrator and concealed opaque envelopes were used to ensure allocation concealment.  

Envelopes were opened sequentially by the trial participants following completion of the 

baseline data collection and baseline testing.   

Blinding:  The principal investigator and research technician were blinded to group 

assignment. 

Results: The target population included 559 individuals who contacted the research 

coordinator regarding the trial. Eighty participants, meeting the both initial and clinical 

screening and who were referred back to the study by a physician were randomized to one 

of the two groups.  Based on an intent to treat analysis, there was no statistical difference in 

the change in pain (x̄ = -4.0mm, t= -1.07, p =0.29, 95%CI -11.5, 3.5) or disability (x̄ = -

0.3%, t= -0.19, p =0.85, 95%CI -3.5, 2.8) between groups.  Within group comparisons 
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revealed clinically meaningful reductions in pain for both Group One (x̄ =-20.9mm, 95%CI 

-25.7, -16.1) and Group Two (x̄ =-24.9, 95%CI -30.8, -19.0).  However, clinically 

meaningful reductions in disability were not observed.   

Conclusions: Both exercise programs had similar efficacy in reducing pain. The addition 

of hip strengthening exercises to a motor control exercise program does not result in an 

improved clinical outcome for pain for individuals with NSLBP.   

Trial Registration: NCTO1567566 

Funding: Worker’s Compensation Alberta Research Grant 
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6.2 Introduction  

The World Health Organization reports low back pain as a leading cause of disability 

irrespective of culture and represents in similar proportions worldwide (Ehrlich, 2003).  

Unfortunately, 85% of individuals with low back pain are classified as having non-specific 

low back pain meaning for which a definitive diagnosis cannot be determined (Dillingham, 

1995).  The current clinical guidelines for the management of chronic non-specific low 

back pain (NSLBP) suggest the use of supervised exercise but provide no specific 

guidelines or dosage parameters (Koes, van Tulder, Lin, Macedo, McAuley, & Maher C, 

2010).  Furthermore, systematic reviews investigating the effect of various exercise 

therapies for the treatment of chronic NSLBP have provided no evidence to support the use 

any one type of exercise therapy over another (Hayden, van Tulder, & Tomlisson 

2005;Henchoz, & Kai-Lik 2008).  However, these systematic reviews also highlight the 

need for the identification of specific subsets of individuals for which specific exercise 

treatments can be applied, and the need to develop exercise treatments that demonstrate 

effectiveness in reducing lower back pain in individuals with NSLBP. 

Motor control based exercise targeting muscles such as the transversus abdominus 

and lumbar multifidus has become increasingly utilized as a treatment for low back pain 

(Richardson, Hodges, & Hides, 2004).  These exercises have become widely accepted for 

use in clinical practice primarily as a result of research identifying delays in activation 

(Hodges, & Richardson, 1996) and altered recruitment patterns (Hungerford, Gillaerd, & 

Hodges, 2003) of the deep muscles of the trunk.  A recent systematic review of 14 

randomized controlled trials concluded that motor control exercise is more efficacious at 
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reducing pain and disability than minimal intervention but insufficient evidence was found 

to suggest that it was superior to manual therapy or any other forms of exercise therapy 

(Macedo, Maher, Letimer, & McAuley, 2009).  Therefore, to justify the continued use of 

motor control exercise therapy and to improve its treatment efficacy, further research is 

necessary to determine optimal methods of exercise prescription and the integration of 

motor control exercise within more comprehensive exercise therapy programs.   

Despite their anatomical link to the pelvis, surprisingly little focus has been placed on 

the contribution of the hip musculature to assist in the control of pelvic and lumbar spine 

motion within the context of NSLBP research.  The hip musculature’s role in hip and pelvic 

stability is an important part of musculoskeletal health considering that weak hip abductor 

muscles have been linked to atypical lower extremity mechanics (Heinert, Kernozek, 

Greany, & Fater, 2008), and injuries such as patellofemoral pain syndrome (Ireland, 

Ballantyne, & McClay-Davis, 2003), iliotibial band syndrome (Fredericson, Cookinghan, 

Chaudhari, Dowdewll, Oestreicher, & Sahrmann, 2000), and hip osteoarthritis (Sims, 

Richardson, & Brauer, 2002).  Research has also demonstrated associations between hip 

extensor muscle weakness (Nadler, Malanga, DePrince, Stitik, & Feinberg, 2002), hip 

muscle fatigability (Nourbakhsh, & Arab, 2002), and low back pain.  Finally, research has 

shown that a simple 3-week muscle strengthening program, which primarily focused on 

improving hip abductor muscle strength, resulted in significant decreases in pain for 

individuals with chronic non-specific low back pain (Kendall, Schmidt, & Ferber, 2010).   

Considering the anatomical and mechanical links between the hip, pelvis, and lumbar 

spine, the hip musculature has a significant role in the support of the hip and pelvis and 
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thus contributes to in the overall support of the lumbopelvic and hip region, as do the deep 

abdominal and paraspinal muscles.  However, exercise therapy interventions for NSLBP 

have been primarily focused on the trunk musculature.  The addition of hip exercises to a 

lumbopelvic motor control exercise program may assist in improving the control of hip, 

pelvis and lumbar spine motion reducing pain and disability for individuals with NSLBP.   

Therefore, the primary objective of this study was to compare the efficacy of a 

lumbopelvic motor control exercise program and a combined exercise program including 

lumbopelvic motor control exercises and hip strengthening exercises in reducing pain and 

disability for individuals with non-specific low back pain using self-reported outcomes of 

pain intensity and disability.  It was hypothesized that following a 6-week intervention, the 

combined program would be more efficacious in reducing pain and disability compared to 

the lumbopelvic motor control exercise program.  The secondary objectives of the study 

were to explore the between and within group changes in strength and biomechanics in 

order to determine whether the measured changes coincided with the differences in the 

change in pain and disability between groups and to investigate the independent 

physiological effects of each of the exercise programs.  The aim of the secondary analysis 

was to investigate the underlying mechanical factors related to pain and disability for 

individuals with NSLBP.  
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6.3 Methods 

6.3.1 Design Overview 

This study is a randomized controlled trial comparing the efficacy of a 6-week 

lumbopelvic motor control exercise program versus a 6-week combined program including 

lumbopelvic motor control exercises and hip strengthening exercises for the reduction of 

self-reported pain and disability in individuals with NSLBP.  The trial was conducted in a 

university clinical research laboratory in Calgary Alberta Canada and was registered six 

months after recruitment had commenced (NCT01567566).   

 

6.3.2 Sample size  

The primary variables of interest are pain intensity, measured on a 0-100mm visual 

analogue scale (VAS) and disability, measured the 0-100% Oswestry Disability Index 

Version 2.0 (ODI).  Sample size calculations were based on the use of independent t-tests 

to compare the mean change in pain intensity and disability scores between groups.  One-

sided estimates were used based on the hypothesis that both pain and disability will be 

reduced following the 6-week exercise programs and supported by a recent systematic 

review investigating the use of motor control exercise for persistent NSLBP (Macedo, 

Maher, Latiner, & McAuley, 2009).  These authors reported a pooled mean difference in 

pain of -14.3mm (95%CI: -20.4mm, -8.1mm) at short term follow up (<3mos), and a 

pooled mean difference in disability of -9.6% (95%CI:-20.7, 1.5) when comparing motor 

control exercise to no intervention.  Two sample size calculations were performed using the 

outcome estimates for both the VAS and ODI, with the most conservative number of 
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participants being chosen for the trial. Minimal clinical important difference (MCID) 

values of 10 units (%) on the ODI and 15 units (mm) on the VAS were used in the 

respective calculations as estimates of the difference between groups.  These VAS and ODI 

MCID values are specific to low back pain patients, are presented by Ostelo et al. (2008), 

and are based upon a literature review and international expert panel workshop completed 

for the International Forum on Primary Care Research on Low Back Pain.  The VAS and 

ODI variance estimates for the NSLBP population used in the calculation were based on 

the work of Williams et al., (2009), and their randomized controlled trial that measured the 

efficacy of Iyengar Yoga Therapy on pain and disability in a population of individuals with 

chronic low back pain.  

The sample size calculation using VAS outcome revealed a required sample of 32 

participants per group and the required sample size based on the ODI outcome resulted in 

20 participants per group using an of α=0.05 and β=0.20 (Appendix A).  The more 

conservative estimate of 32 per group was increased by 8 participants per group to protect 

for loss of power due to an estimated 25% drop out over the 6-week intervention period.  

Therefore, 40 participants per group were recruited for participation in the trial. 

 

6.3.3 Setting and Participants 

Participants for the trial were recruited via general practitioners in eleven community-

based medical practices in the Calgary area, and self-selected via a newspaper 

article/advertisement and two television media interviews.  Participants enquired about the 

trial via telephone or email to a research coordinator and were initially screened either over 
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the phone or provided an electronic series of questions to be answered via email.  The 

initial screening criteria are included in Table 6.1. 

 

Table 6.1: Inclusion and Exclusion Criteria: Initial Screening 

Inclusion Exclusion 

 Age between 18 – 65 years  ‘Red Flag’ symptoms including, a 

history of major trauma, persistent night 

pain, bladder or bowel dysfunction, 

and/or lower extremity neurological 

deficit.  

 A reported minimum ‘usual pain’ score 

of 5 out of 10  

 Scoliosis 

 Consistent daily low back pain for 

minimum of 6 weeks 

 Discogenic pathology 

 Location of pain: Below the costal 

margin and above the gluteal folds with 

or without leg pain (Choi, Verbeek & 

Jiang, 2007) 

 Previous surgery to the lumbar spine, 

abdomen, pelvis, or hip  

 
 Use of any radiological interventions or 

injections in the past 3 months  

 
 Previous or ongoing complication from 

lower extremity injury or surgery in the 

past year  

 
 Pregnancy or within 1 year of giving 

birth  

 

Participants who contacted the research coordinator and who met the initial screening 

criteria were asked to visit a general practitioner with an information letter regarding 

participation in the study, (Appendix B) in order to verify their responses and ensure that 

they were physically able to participate in the study.  Once a referral from the general 

practitioner was received, participants were scheduled for a clinical screening appointment 
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at the research laboratory in order to verify the final inclusion and exclusion criteria (Table 

6.2).  The principal investigator (PI: KK), a Board Certified Athletic Therapist, then 

completed the clinical screening assessment.  Participants meeting all inclusion criteria 

were enrolled with baseline testing occurring no later than one week from the date of the 

clinical screening appointment. 

 

Table 6.2: Inclusion Criteria: Clinical Screening Appointment 

Inclusion Criteria 

 

 A minimum ‘usual pain’ score 50mm measured on the 0-100mm VAS Scale 

 Pelvic alignment (equal height of iliac crests, anterior and posterior iliac spines in 

standing) 

 Equal leg length (<1.5cm difference) 

 A positive test score on the one leg standing test for stability (Lee, 2011) 

 A positive test score on the active straight leg test (Lee, 2011) 

 

 

6.3.4 Randomization & Blinding 

Participants were randomized using a simple randomization
 
involving a computer-

generated table of random numbers.  An administrator within the research laboratory, not 

involved in the recruitment, evaluation, or care of trial participants, was responsible for 

creating and keeping the randomization schedule.  This individual created the sequentially 

numbered, concealed opaque envelopes which were opened sequentially by the trial 

participants following completion of the baseline data collection and baseline testing.  

Following the randomization, the allocation was revealed to the research coordinator 

responsible for maintaining the trial records.  Thus, the randomization schedule was 
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concealed from the research personnel responsible for participant recruitment, screening, 

baseline testing, and the baseline data collection. Trial participants were allocated into 

Group One, the lumbopelvic motor control exercise program or Group Two, the combined 

lumbopelvic motor control exercise and hip strengthening exercise program.   

This study was a single blinded study with PI blinded to group allocation.  A separate 

laboratory research technician (RT), also blinded to group allocation, completed all 

baseline and 6-week follow-up testing. A rehabilitation specialist (RS) was responsible for 

directing the study participants through the exercise programs but was not involved in the 

study data collection or analysis.   The study participants were unaware of group allocation 

and the components of each of the exercise programs were carefully concealed within each 

group.    

 

6.3.5 Outcomes and Follow up 

6.3.5.1 Dependent and Independent Variables   

The primary dependent variables of interest were the change in pain and disability 

calculated as the difference between the 6-week follow-up and baseline VAS (mm) and 

ODI (%) scores.  The secondary dependent variables of interest included four bilateral 

measures of hip abductor, extensor, external rotator, and internal rotator strength, and seven 

biomechanical measures including frontal plane, trunk lean, pelvic drop, and hip adduction 

measured during the Trendelenburg test, and trunk, pelvis, and hip excursions measured 

while walking.  The independent variables of interest were study group and time with the 

outcome measures collected at baseline and following the 6-week exercise intervention. 
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6.3.5.2 Baseline Data 

The following information was collected gathered at the baseline testing session in 

order to comprehensively describe the NSLBP population studied. 

 Gender  

 Age (years) 

 Height (cm) 

 Weight (kg) 

 Time since onset of symptoms (years) 

 Type of pain (first episode or recurrent pain episode) 

 Pain Intensity (0-100mm VAS scale - Appendix C) 

 Level of disability (0-100% Oswestry Disability Index Version 2.0 – Appendix D) 

 Kinesiophobia (Tampa Scale - Appendix E) 

 

6.3.5.3 Pain and Disability Questionnaires 

Pain and disability outcomes were measured using self-reported scales. Pain 

intensity was measured with the 0-100mm VAS, which has been shown to be reliable, valid 

and sensitive to change (Harms-Ringdahl, Carlsson, Ekholm, Raustrop, Svensson, & 

Toreson, 1986; Jensen, Karoly, & Braver 1986; Ogon, Kismer, Sollner, Kantner-

Rumplmair, & Lampe 1996).  Participants were asked to rate their average pain over the 

preceding 7 days on the 0-100mm VAS as a measure of their ’usual’ pain status.  This 

single measure of average weekly pain has been shown to be a valid and practical measure 

of pain intensity over a one week period represents a meaningful measure of ’usual’ pain in 

back pain patients (Bolton, 1999).  The ODI consists of 10 items, graded between 0-5, and 

assesses disability as a result of low back pain (Fairbank, & Pynsent, 2000).  The test-retest 

reliability (r = 0.99 within day, ICC: 0.83 within week) and construct validity (with VAS r 
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= 0.47-.62, with Low Back Outcome Scale for Disability r = 0.87) have been reported 

(Gronblad et al. 1993; Beurskens, de Vet, Koke, van der Heijden, & Knipschild, 1995).  In 

addition, the minimal important change values for both the VAS and the ODI have been 

identified for individuals with non-specific low back pain (Ostelo et al, 2008).   Absolute 

changes of 15mm for the VAS and 10% for the ODI represent clinically meaningful 

changes following treatment (Ostelo et al, 2008).    

 

6.3.5.4 Hip Muscle Strength Analysis 

Hip strength was measured using a force dynamometer (Lafayette Instruments, 

Model 01163, Lafayette, IN).  For each strength measure, participants were asked to 

perform one submaximal practice trial, and three successive maximal voluntary contraction 

trials with a 30-second rest period between trials.  The participant’s testing position was 

secured and standardized with straps and using the “make” test method.  The coefficient of 

variation (CV) was calculated for each measure and participants whose measures exceeded 

a 10% CV were asked to perform an additional trial.  Agre, Magness, & Hull, (1987) have 

demonstrated improved measurement reliability when taking the average of 3 measures 

with a CV equal to or less than 10%.  The order of testing was randomly performed to 

account for potential order bias.  All force (kg) measures from the force dynamometer were 

converted into Newtons of force and then normalized to body mass.   The average of three 

trials for both the right and left limb were used for statistical analysis.  Test-retest reliability 

for each of the strength measures was completed on a sample of five healthy controls prior 
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to the commencement of the trial and revealed good to excellent reliability (Portney, & 

Watkins, 2009) (Table 6.3). 

 

Table 6.3: Test –retest reliability: Strength Measures 

Measure  ICC(2, 1) Measure  ICC(2,1) 

Left Hip Abduction 0.75 Right Hip Abduction 0.72 

Left Hip Extension 0.93 Right Hip Extension 0.91 

Left Hip External Rotation 0.90 Right Hip External Rotation 0.82 

Left Hip Internal Rotation 0.99 Right Hip Internal Rotation 0.93 

    

 

Hip Abductor Muscle Strength: Hip abductor muscle strength was measured using 

methods described by Ireland, Willson, Ballantyne, & McClay-Davis, (2003).  Participants 

were asked to assume a side lying position with the test leg placed in a neutral hip abducted 

position.  A stabilizing strap was secured around the hips and fixed to the treatment table to 

help standardize the pelvis position during testing.  The force dynamometer was placed 

5cm proximal to the lateral knee joint line and secured to the thigh with an immovable 

strap.  The participants were asked to push against the strap as hard as they could while the 

dynamometer recorded for five seconds to record the peak force of each contraction.  

 

Hip External Rotator Muscle Strength: Hip external rotator muscle strength was 

measured using methods described by Ireland, Willson, Ballantyne, & McClay-Davis, 

(2003).  Participants were asked to sit on the end of the treatment table with their hips and 

knees in 90
o
 of flexion.  A stabilizing strap was secured atop the thighs and fixed to the 

treatment table to help standardize thigh position during testing.  In addition, participants 
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were asked to cross their arms over their chest.  The force dynamometer was placed 5cm 

above the medial malleolus of the test extremity and secured to the leg with an immovable 

strap.  The participants were asked to push against the strap as hard as they could while the 

dynamometer recorded for 5 seconds to record the peak force of each contraction.  

 

Hip Internal Rotator Muscle Strength: Hip internal rotator muscle strength was 

measured using methods described by Ireland, Willson, Ballantyne, & McClay-Davis, 

(2003).  Participants were asked to sit on the end of the treatment table with their hips and 

knees in 90
o
 of flexion.  A stabilizing strap was secured atop the thighs and fixed to the 

treatment table to help standardize thigh position during testing.  In addition, participants 

were asked to cross their arms over their chest.  The force dynamometer was placed 5cm 

above the lateral malleolus of the test extremity and secured to the leg with an immovable 

strap.  The participants were asked to push against the strap as hard as they could while the 

dynamometer recorded for 5 seconds to record the peak force of each contraction.  

 

Hip Extensor Muscle Strength: Hip extensor muscle strength was measured using 

methods described by Jaramillo, Worrel, & Ingersoll, (1994).  Participants were asked to lie 

prone on the treatment table with the hips and knees extended.  A pillow was placed under 

the hips for comfort.  A stabilizing strap was secured atop the buttocks and fixed to the 

treatment table to help standardize pelvis position during testing.  The force dynamometer 

was placed 2.5 cm proximal to the popliteal crease and secured to the leg with an 

immovable strap.  The participants were asked to push against the strap as hard as they 
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could while the dynamometer recorded for 5 seconds to record the peak force of each 

contraction.  

 

6.3.5.5 Biomechanical Analysis  

Two-dimensional (2D) frontal plane biomechanics of the trunk, pelvis, and hip were 

calculated from 3-dimensional (3D) marker coordinate data collected using an 8-camera 

motion capture system (Vicon MX, Vicon Motion Systems Ltd.  Centennial, CO, USA), 

and analysis software (Vicon Nexus 1.6.1, Vicon Motion Systems Ltd, Centennial, CO, 

USA).  14mm retro-reflective markers were placed over top of the 7
th

 cervical vertebra 

(C7), bilateral acromion processes (RAC, LAC), right scapula (RBAK), bilateral iliac crests 

(RILC, LILC), bilateral posterior superior iliac spines (RPSIS, LPSIS), bilateral anterior 

superior iliac spines (RASIS, LASIS), the 5
th

 lumbar vertebra (L5), bilateral greater 

trochanters of the femur (RGTR, LGRTR), bilateral lateral femoral condyles (RKNE, 

LKNE), right calf (RSHANK), bilateral heels (RHEL, LHEL), and bilateral toes (RTOE, 

LTOE) (Figure 6.1). The right scapula and calf markers were used to assist in the auto 

labelling function by making the model asymmetrical between left and right sides.  The 

foot markers were used to define heel strike and toe off events to identify right and left 

stance phases during the walking trials. 
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Figure 6.1: Marker Set Up 

C7: 7
th

 cervical vertebra, RAC: right acromion process, LAC: left acromion process, 

RBAK: right scapula, RILC: right iliac crest, LILC: left iliac crest, RPSIS: right posterior 

superior iliac spine, LPSIS: left posterior superior iliac spine, RASIS: right anterior 

superior iliac spine, LASIS: left anterior superior iliac spine, L5: 5
th

 lumbar vertebra, 

RGTR: right greater trochanter, LGTR left greater trochanter, RKNE: right lateral femoral 

condyle, LKNE: left lateral femoral condyle, RSHANK: right calf, RHEL: right lateral 

heel, LHEL: left lateral heel, RTOE: right toe, LTOE: left toe.  

 

For the measurement of the biomechanical variables of interest, standard instructions 

were given and one practice trial was completed for all participants.  The participants first 

performed a static standing trial, followed by two 30-second Trendelenburg tests (TT: right 

and left standing legs), and a 30 second walking trial.  The static TT was performed as per 

the methods described by Hardcastle, & Nade, (1985) and in order to best standardize the 

measurement, participants were asked to place their hands on their hips, keep their pelvis 

horizontal, and flex the non-stance hip 60 degrees.  The angle of hip flexion was measured 

using a universal goniometer and this test position was held for 30 seconds while data were 
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collected.  For the walking trial, participants walked on a treadmill at the standardized pace 

of 1.34 m/s for 2-3 minutes during which three, 30-second data collections were recorded.   

The 3D raw marker coordinates were used to calculate the frontal plane 2D variables 

of interest using code created in MATLAB software (Mathworks Inc. Natick, MA, USA).  

For the TT trials, the biomechanical variables of interest included contralateral pelvic drop 

(cPD: °), ipsilateral hip adduction angle (iHADD: °), and trunk lean (TRUNK: °).  TRUNK 

was calculated as a segmental angle resulting from the sum of the angles formed by the line 

between the right and left AC markers representing the level of the shoulders and the line 

between the right and left PSIS markers representing the level of the pelvis (Figure 6.2: A).   

cPD was calculated as a segmental angle subtended by the line between the right and left 

PSIS markers representing the level of the pelvis and the horizontal (global) reference plane 

of the laboratory(Figure 6.2: B).  iHADD was calculated as a relative angle resulting from 

the angle formed by the intersection of the line between the right and left ASIS markers 

representing the level of the pelvis and the line between the right and left GTR and the right 

and left KNE markers that represent the right and left thigh (Figure 6.2: C).  All of the peak 

angles were calculated as the average values measured during the last 5 seconds of the 30-

second TT trial and corrected for based on the static standing position.    
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Figure 6.2: Biomechanical Diagram of Calculated Angles 

 

 

For the dynamic walking trials, pelvic excursion (PE:°) and trunk excursion 

(TRUNKEX:°) were calculated as the sum of the left and right peak maximum angles 

measured during left and right stance and then averaged over 10 consecutive footfalls.  

Right and left hip adduction excursion (HE:°), was calculated as the difference in angle 

from heel strike to peak hip adduction during the right and left stance phases and then 

averaged over 10 consecutive footfalls.     

Between-day variability of discrete kinematic data can be substantial due to factors 

such as calibration errors, inconsistent marker placement, skin marker movement, and 

inherent physiological movement variability.  Each of these factors can have a significant 

effect on the results especially if used to test treatment effects.  For the present study, care 

was taken to calibrate the motion capture system prior to each data collection for each 

subject and kept below a threshold of 0.08mm and markers were placed directly on skin 

overtop the anatomical landmarks and secured with tape to minimize the skin marker 

movement during the dynamic trials.  Test-retest reliability for each of the TT trial outcome 
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variables was completed on a sample of five healthy controls prior to the commencement of 

the trial to ensure consistency in marker placement.  A summary of the calculated ICC 

values are presented in Table 6.4 and suggests moderate to excellent reliability (Portney, & 

Watkins, 2009).  Therefore, the measured between-day variability of the measurement 

could be primarily attributed to inherent physiological movement variability.   

 

Table 6.4 Test-retest reliability: Biomechanical Measures 

Trendelenburg Test 

Right Measure 

ICC (2, 1) Trendelenburg Test 

Left Measure 

ICC (2,1) 

Pelvic Drop 0.87 Pelvic Drop 0.56 

Trunk 0.83 Trunk 0.54 

Right Hip 0.89 Left Hip 0.86 

 

6.3.6 Exercise Interventions 

The participants in each exercise group received an introduction to the functional 

anatomy of the lumbopelvic region and six rehabilitation sessions which included the use of 

rehabilitative ultrasound..  The exercise programs were developed by the PI and in 

consultation with other health practitioners including Athletic Therapists, and 

Physiotherapists.  Both exercise programs (Group One and Group Two) began with a 10 

minute cardiovascular warm up at a perceived exertion of 10-12 as measured on the Borg 

Scale for Perceived Exertion (Borg, 1982) and shared the same lumbopelvic motor control 

exercises.  The only difference between the two exercise programs was the addition of hip 

strengthening exercises for Group Two.   
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 Group One completed a lumbopelvic motor control exercise program that was based 

upon the guidelines of Richardson, Hodges, & Hides, (2004).  The major focus was on the 

performance of the motor skill of co-contracting the transversus abdominus, multifidus, and 

pelvic floor musculature with the progression of this skill to performance during 

increasingly functional and dynamic tasks over the 6-week period.  Group Two completed 

the aforementioned lumbopelvic motor control exercise program combined with a 

progression of open and closed kinetic chain hip strengthening exercises.  The program 

parameters of the hip exercises were based on exercise physiology principles and applied to 

the rehabilitative setting.  The complete 6-week exercise programs for both groups can be 

found in Appendix F.   

 

6.3.6.1 Real-time Ultrasound  

The use of real-time ultrasound (RTUS) has been suggested to enhance learning and 

is recommended for lumbopelvic stabilization training (Hides, Richardson & Hodges, 

2004) and was used as a biofeedback tool during the weekly exercise rehabilitation 

appointments for the participants in both treatment groups.  The PI, who was previously 

trained in rehabilitative ultrasound imaging for the lumbopelvic region via a 3-day 

concentrated education series during the 2010 American Physical Therapists Association 

Conference, completed the monitoring using the methods outlined by Whittaker and Stokes 

(2010).  Each weekly RTUS session followed a pre-planned list of objectives (Weekly 

Rehabilitation Session Goals - Appendix F) and sufficient practice time such that the 
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participant and the therapist were confident in the participant’s ability to reach the pre-

planned objectives for each session.   

 

6.3.6.2 Exercise Load Prescription and Progression Monitoring 

All rehabilitation visits were separated into two sessions to maintain blinding of 

group allocation to the PI.  The PI completed the RUSI monitoring with all trial participants 

while the exercise programs, including exercise load prescription and progression 

monitoring, was done by the RS, a Certified Exercise Physiologist.   

Resist-a-band® was used for resistance for the hip strengthening program.  This 

tubing is graded qualitatively based upon colour ranging from ‘light to super heavy’ 

resistance and was chosen for its ease of use for home-based rehabilitation.  The initial 

loads for the hip strengthening exercises were established using the method use by Abe, 

Dehoyos, Pollock, & Garzella (2000) wherein each participant performed as many 

repetitions as possible with the lightest resistance band for each of the hip exercises.  If the 

participant was able to perform between 5-12 repetitions they were asked continue with the 

lightest resistance and if they were able to perform between 12-30 repetitions with proper 

form and posture, they were given the next higher resistance (darker colour) of band.  If the 

participant performed more than 30 repetitions, the participant was given the band two-

resistance levels up and if they were unable to perform 5 repetitions they were asked to 

perform the exercises with body weight only to start the intervention.  At each subsequent 

rehabilitation session, participants were re-evaluated and the appropriate adjustment to the 

resistance was made.   
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6.3.6.3 Restrictions 

Participants were asked to refrain from seeking or following any other types of 

rehabilitation treatments including physiotherapy, chiropractic, massage therapy, 

acupuncture or active release therapy over the course of the 6-week intervention period.  

One participant that was currently using prescribed medication for their pain was asked to 

maintain the recommended dosage and to keep it consistent during the 6-week intervention 

period.  The use of NSAIDS and cold/heat therapy for the reduction of pain and discomfort 

were permitted provided the participant refrained from using these treatments 24 hours 

prior to the testing sessions.  Participants were also restricted from resistance training of 

any kind but were encouraged to continue with cardiovascular exercise provided they 

strictly adhered to the following guidelines: keep the overall volume of their weekly 

cardiovascular exercise consistent over the 6 week period, limit participation to activities 

that do not cause an increase in their level of pain, and refrain from any new activities that 

they had never participated in prior to entering the trial. 

 

6.3.6.4 Participant Adherence  

To optimize adherence to the intervention programs, three main strategies were 

employed: weekly attendance at individual rehabilitation appointments, biofeedback and 

monitoring using the RTUS, and the use of a comprehensive exercise manual with daily 

logs (Appendix F).  Participants were asked to attend weekly rehabilitation appointments 

over the 6-week intervention period and they were contacted 48 hours in advance of their 

appointment to improve weekly attendance.  At the weekly appointments, participant 
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manuals were reviewed, the exercise progressions were monitored and participant 

education and rehabilitation progression feedback were provided.  In addition, during each 

weekly appointment, the RTUS was used as a biofeedback tool and provided participants 

with the increased confidence in performing their prescribed exercise.  The exercise 

rehabilitation manuals included contact information of the clinic and of the study personnel, 

reference information regarding participant responsibilities and requirements, a detailed 

outline and instructions of the exercise program including pictures, and a daily log 

(Appendix F).   

 

6.3.7 Statistical Analysis 

6.3.7.1 Primary Analysis 

The primary analysis followed an intent-to-treat analysis (ITT) with missing data 

replaced with the last observation carried forward approach (Friedman, Furberg, & DeMets, 

1998).  A comparison of the change in VAS and ODI scores between groups were used to 

investigate whether the combined lumbopelvic motor control exercise and hip 

strengthening program was more efficacious at reducing self-reported pain intensity and 

disability.  The normality of the distributions for all continuous data was examined 

graphically using histograms and tested using the Shapiro-Wilk test.  Baseline data were 

examined using means and 95% confidence intervals to evaluate the success of the 

randomization in providing equivalency between groups at baseline.  Any non-normally 

distributed data were transformed and geometric means with 95% confidence intervals 

were presented.  A multiple linear regression model was used for the comparisons of the 
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change in pain and the change in disability between groups following the 6-week 

intervention.  Meaningful differences in any baseline data variables between groups were 

examined individually for potential confounding or effect-modification using a stepwise 

approach (Portney & Watkins, 2009).  An event rate analysis was completed to examine the 

group differences in the proportion of successful treatment for both pain and disability 

measures (Portney & Watkins, 2009), with a successful treatment being defined using 

minimal clinical difference values for each outcome as presented by (Ostelo et al. 2008).      

 

6.3.7.2 Secondary Analysis 

The secondary analysis of the strength and biomechanical data included only the 

observed data.  These data were examined for outliers and any single observation falling 

outside 3 standard deviations from the mean were omitted.  The normality of the 

distributions of the data was examined graphically using histograms and testing using the 

Shapiro-Wilk test.  A summary of the baseline, 6-week follow-up, and change scores using 

means and 95% confidence intervals for the normally distributed data and medians and 

interquartile ranges for the non-normally distributed data.  The equality of the variance 

between groups and samples was tested using variance ratio tests.  The differences in the 

change scores between groups were examined using t-tests and Mann-Whitney U tests 

appropriately adjusted for multiple comparisons using a Bonferroni correction.  The 

differences within group were examined using paired t-tests and Wilcoxon signed rank tests 

appropriately adjusted for multiple comparisons using Bonferroni correction.   
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6.4 Results 

6.4.1 Recruitment  

A total of 559 individuals contacted the research coordinator regarding the trial and 

were contacted back either by telephone or by email between June 2011 and July 2012.  

Seventy of these either declined screening or did not respond leaving 489 individuals that 

were screened via telephone or email.  Of those screened, 357 (73%) did not meet the initial 

exclusion criteria and 10 (2%) declined to participate.  Thus, 122 (25%) individuals met the 

initial screening and were invited in for a clinical screening appointment after a referral 

from their family doctor and of these, 42 (34%) were either unable to get a referral, 

declined to participate, or did not meet the inclusion criteria of the clinical screening.  

Eighty participants meeting the trial criteria were randomized into one of the two groups.  

Three participants from the Group One were lost to follow-up for reasons that were 

unrelated to the trial, and one adverse event was reported which resulted in the participant 

being referred back to their physician for further follow-up.  Two participants from the 

Group Two were crossed over into Group One after reporting increases in pain while 

performing the hip strengthening exercises and both of these participants continued with 

the lumbopelvic motor control exercise program and were successful in completing the 

trial.  Five other participants from the Group Two were lost to follow up with two 

participants reporting reasons unrelated to the trial and three participants were lost as a 

result of time constraints in completing the program.  A trial participant flow diagram is 

included in Figure 6.3. 
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Figure 6.3: Participant Flow Diagram 
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6.4.2 Baseline Data 

Baseline characteristics, including demographics, and baseline data are presented in 

Table 6.5.  Baseline data were first examined for normalcy and then 95% confidence 

intervals were used to examine if the randomization had been effective in maintaining 

balance between groups.  The randomization was successful in creating equivalent groups 

at baseline as evidenced by the overlapping of the 95% confidence intervals.  However, 

considering that the duration of symptoms is a known prognostic factor of recovery in 

chronic musculoskeletal pain (Laisne, Lecomte, & Corbiere, 2012), and the time since 

onset of pain was longer for participants in Group Two, the time since onset of pain was 

examined within the analysis as a potential confounding and/or effect modifying factor.  In 

addition, the variables of gender, age, and type of pain were considered to be meaningfully 

different between groups and thus were also examined within the analysis as potential 

confounding and effect modifying factors.   

Table 6.5 Baseline Characteristics 

Characteristic Group One 

Motor Control 

Exercise  

(n = 40) 

Group Two 

Combined Motor Control 

+ Hip Exercise 

(n = 40) 

Sex (female), n (%) 18 (45) 24 (60) 

Age (years), geometric x̄ (95%CI) 33 (33,41) 41 (37,45) 

Height (cm), x̄ (95%CI) 172 (169,175) 170 (167,173) 

Weight kg, x̄ (95%CI) 73 (68,78) 77 (71,83) 

Time since onset of pain (years), geometric x̄ 

(95%CI) 

4 (3,6) 7 (4,10) 

Type of pain (first episode) n (%) 7 (18) 3 (7) 

Tampa Scale Total Score (units), x̄ (95%CI) 36 (35,38) 35 (33,37) 

Pain intensity (mm), x̄ (95%CI) 57 (54,61) 55 (51,58) 

Disability (%), x̄ (95%CI) 22 (19, 24) 20 (17,23) 
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6.4.3 Primary Analysis 

The primary ITT analysis included all participants who were randomly assigned.  The 

dependent variables of the difference in the change in pain and the change in disability (6 

week follow up – baseline VAS) were independently modeled using group as the 

independent predictor variable.  The baseline data variables time since onset, sex, type of 

pain, and age were examined separately, each for having potential confounding or effect 

modify effects on the primary analysis.  The continuous variables time since onset, and age 

were dichotomized using a cut off of the 25 quartile and resulted in the cut off values of 2 

years and 30 years, respectively.  It was determined that none of the variables had either 

confounding or effect modifying effects on the change in pain or the change in disability 

between groups and no adjustments were required. 

A summary of the primary analysis outcomes are presented in Table 6.6.  The 

regression analysis for the change in pain resulted in the following model: Change in pain = 

-16.7 – 4.0 (group), where group is equal to zero for Group One and equal to one for Group 

Two.  There was no statistical difference in the change in pain between groups (x̄ = -

4.0mm, t= -1.07, p <0.29, 95%CI -11.5 to 3.5).  Therefore, there was no evidence to 

suggest that adding hip strengthening exercises to a lumbopelvic motor control exercise 

program results in greater reduction of pain for individuals with NSLBP.  However, 

minimal clinical important differences in pain were observed for both Group One (x̄ =-

20.9mm, 95%CI -25.7, -16.1) and Group Two (x̄ =-24.9, 95%CI -30.8, -19.0) following the 

respective exercise interventions.  The regression analysis for the change in disability 

resulted in the following model: Change in disability= -7.4 – 0.3(group).  There was no 
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statistical difference in the change in pain between groups (x̄ = -0.3%, t= -0.19, p <0.85, 

95%CI -3.5 to 2.8).  Therefore, there was no evidence to suggest that adding hip 

strengthening exercises to a lumbopelvic motor control exercise program results in greater 

reduction of disability for individuals with NSLBP.  Minimal clinical important differences 

in disability were not observed following intervention within either group.    

 

Table 6.6 Primary Analysis Summary 

Primary 

Outcome 

Measures 

Group One 

Motor Control  

Exercise 

(n=40) 

Group Two 

Combined Motor Control+ Hip 

Exercise  

(n=40) 

Between 

Group 

Difference  

at 6 week 

FU 

x̄ (95%CI) 

P 

 Baseline 

x̄ (95%CI) 

6 week FU 

x̄ (95%CI) 

Change 

x̄ (95%CI) 

Baseline 

x̄ (95%CI) 

6 week FU 

x̄ (95%CI) 

Change 

x̄ (95%CI) 

  

Pain Intensity 

(0-100mm) 

 

57(54-61) 

 

37(31,41) 

 

-21(-26,-16) 

 

55(51,58) 

 

30(24-36) 

 

-25(-31,-19) 

 

-4 (-12,4) 

 

0.29 

Disability 

(0-100%) 

 

22(19-24) 

 

14(11,17) 

 

-8(-10,-5) 

 

20(17,23) 

 

12(10,14) 

 

-8(-10,-5) 

 

0 (-4,3) 

 

0.85 

 

The proportion of participants within each group that achieved a successful treatment 

outcome based upon minimal clinical importance difference reference values (Ostelo et al, 

2008) was examined and a summary of the results is presented in Table 6.7.  When using 

the minimal clinical difference in pain as the measure of success, the ratio of the proportion 

of successful treatment between groups was 1.12 (95%CI 0.81 to 1.6) indicating that 

adding hip strengthening exercises to a lumbopelvic motor control exercise program was no 

more effective than the lumbopelvic motor control exercise program alone for achieving 

successful treatment.   Similarly, when using the minimal clinical difference in disability as 
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the measure of success, the ratio of the proportion of successful treatment between groups 

was 0.94 (95%CI 0.6 to 1.5) and also indicated that adding hip strengthening exercises to a 

lumbopelvic motor control exercise program was no more effective than the lumbopelvic 

motor control exercise program alone for achieving successful treatment.   

 

Table 6.7 Proportion of Successful Treatment Summary 

Primary Outcome Group One 

Motor Control 

Exercise  

(n=40) 

Proportion(#) 

Group Two 

Combined  

Motor Control + Hip  

Exercise 

(n=40) 

Proportion(#) 

Proportion of Success 

Ratio 

x̄ (95%CI) 

Successful Treatment 

(≥15mm reduction in 

pain intensity) 

 

60%(24) 

 

68%(27) 

 

1.12(0.81,1.6) 

Successful Treatment 

(≥10% reduction in 

disability) 

 

45%(18) 

 

43%(17) 

 

0.94(0.6,1.5) 

 

6.4.4 Participant Adherence 

Participant logbooks were collected at the follow up testing session following a visual 

inspection for completeness.  Program adherence was monitored using the logbooks.  The 

participants were asked to perform their exercise program daily resulting in the expectation 

of 7 sessions of the exercise program to be completed each week with 100% adherence 

representing participation in 42 sessions over the 6-week period.  Adherence to the program 

was similar for participants in both groups and was considered excellent for the 6-week 

intervention.  Participants in the Group One completed an average of 88% (95%CI: 
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84,92%) of the total program volume and averaged 6.2 (95%CI: 5.9,6.4) sessions per week 

with Group Two completing an average of 84% (95%CI: 81,87%) of the total program 

volume with an average of 5.8 sessions (95%CI: 5.6,6,1) per week. 

Participation in cardiovascular physical activity (separate from the intervention 

program requirement) was monitored weekly to help ensure that the weekly volume of 

physical activity was kept consistent and to reduce any influence that fluctuations in 

physical activity had on the measured outcomes.  The weekly volume of cardiovascular 

activity level was similar between groups and the variation between weeks was low for 

both groups.  Participants in the Group One completed an average of 155 min (95%CI: 

129-182min) and Group Two completed an average of 150 min (95%CI: 129-171min) of 

cardiovascular physical exercise per week.  The weekly volume varied between 0-70min 

for Group One and 0-81min for Group Two.    

 

6.4.5 Secondary Analysis 

The secondary analysis included only the observed data with 6-week follow up data 

missing from the 9 participants who were lost to follow up and was therefore not included 

in the analysis.  In addition, 6 complete biomechanical datasets, 5 datasets from Group One 

and one dataset from Group Two were not included in the analysis due to file corruption 

within the biomechanical analysis.   

A summary of the normalized hip strength data by group at baseline, at 6-week 

follow-up and the change in strength and including effect size is presented in Table 6.8a.  

Due to the fact that not all the strength data was normally distributed, medians and 
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interquartile ranges are presented within the summary table and are indicated by italic font.  

The between group comparisons of the change in hip strength revealed significant 

differences in both right (z=-2.57, p=0.001) and left (t=-1.83, p=0.003) hip internal rotation 

strength measures with a greater increases in strength occurring within Group Two.  The 

within group comparisons of hip strength for Group Two revealed significant differences in 

right (t=4.17, p=0.002) and left (t=3.27, p=0.003) hip extension, right hip external rotation 

(t=4.65, p=0.0001), and right hip internal rotation (t=4.52, p=0.0001).  However, no 

significant differences in hip strength within Group One were measured.  A summary of the 

normalized hip strength data presented as percent bodyweight is presented in order to aid in 

the clinical interpretation of the results Table 6.8b.   
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Table 6.8a: Hip Strength Data Summary  

Strength 

Measure 

Group One  

Motor Control Exercise 

Group Two 

Combined Motor Control + Hip Exercise  

 Baseline 

(n=40) 

N/kg, 
x̄ (95%CI) 

6Week FU 

(n=36)* 

N/kg, 
x̄ (95%CI) 

Change 

(n=36)* 

N/kg 
median (IQR) 

 x̄ (95%CI) 

Within 

Group 

Effect 
Size 

Baseline 

(n=40) 

N/kg, 
x̄ (95%CI) 

6Week FU 

(n=35)* 

N/kg, 
x̄ (95%CI) 

Change 

(n=35)* 

N/kg 
median 

(IQR) 

 x̄ (95%CI) 

Within 

Group 

Effect 
Size 

Abduction  

Right 

Left 

 

3.2(2.9,3.5) 

3.2(2.9,3.4) 

 

3.4(3.1,3.7) 

3.4(3.1,3.7) 

 

0.1(-0.2,0.4) 

0.2(0.0,0.5) 

 

0.10 

0.25 

 

3.0(2.6,3.3) 

3.0(2.6,3.3) 

 

3.3(3.0,3.7) 

3.3(2.9,3.6) 

 

0.3(-0.1,0.8) 

0.3(0.1,0.6) 

 

0.40 

0.40 

Extension  

Right 

Left 

 

1.8(1.6,2.0) 

1.8(1.6,2.0) 

 

2.0(1.8,2.2) 

2.0(1.8,2.2) 

 

0.1(-0.1,0.6) 

0.2(0,0.6) 

 

0.41 

0.40 

 

1.6(1.4,1.8) 

1.7(1.5,1.9) 

 

2.0(1.8,2.2)† 

2.0(1.8,2.1)† 

 

0.3(-0.1,0.8)  

0.2(0,0.5) 

 

0.67 

0.50 

External 

Rotation 

Right 

Left 

 

 

1.6(1.4,1.7) 

1.6(1.4,1.6) 

 

 

1.6(1.5,1.8) 

1.6(1.5,1.8) 

 

 

0.1(-0.1,0.3) 

0.0(-0.1,0.4) 

 

 

0.14 

0.05 

 

 

1.5(1.4,1.6) 

1.4(1.2,1.5) 

 

 

1.7(1.6,1.8)† 

1.5(1.4,1.6) 

 

 

0.2(0,0.4) 

0.1(-0.1,0.4) 

 

 

0.71 

0.38 

Internal 

Rotation 

Right  

Left 

 

 

2.0(1.8,2.2) 

1.9(1.7,2.1) 

 

 

2.0(1.8,2.2) 

2.0(1.8,2.1) 

 

 

0.0(-0.3,0.5) 

0.1(-0.1,0.2) 

 

 

0.04 

0.15 

 

 

1.7(1.6,1.9) 

1.8(1.6,1.9) 

 

 

2.1(1.9,2.2)† 

2.0(1.9,2.2) 

 

 

0.4(0,0.6)‡ 

0.3(0.1,0.5)‡ 

 

 

0.89 

0.54 

*Summary reflects only the observed data.  6 week follow up data from 9 participants were lost to follow up. 

†Reflects within group differences in strength following 6 week exercise intervention p < 0.003 (Bonferroni corrected for 

16 comparisons) 

‡Reflects between group differences in the change in strength following 6 week exercise intervention p < 0.006 

(Bonferroni corrected for 8 comparisons) 

Values in italics represent median values with their respective interquartile ranges presented due to non-normally 

distributed data. 
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Table 6.8b: Hip Strength Data Summary Using Percent Bodyweight  

Strength  

Measure 

Group One 

Motor Control Exercise 

Group Two 

Combined Motor Control+ Hip Exercise  

  

 Baseline 

(n=40) 

%BW 

x̄ (95%CI) 

6Week 

FU 

(n=36)* 

%BW 

x̄ 

(95%CI) 

Mean 

Change 

(n=36)* 

%BW 

x̄ (95%CI) 

Baseline 

(n=40) 

%BW 

x̄ (95%CI) 

6Week FU 

(n=35)* 

%BW 

x̄ (95%CI) 

Mean Change 

(n=35)* 

%BW 

x̄ (95%CI) 

Mean 

Difference of 

Change 

Between 

Groups 

%BW 

x̄ (95%CI) 

Abduction  

Right 

Left 

 

33(30, 36) 

32(30,35) 

 

42(37,46) 

40(36,45) 

 

9(7,10) 

8(6,10) 

 

30(27,34) 

30(28,33) 

 

42(37,47)  

39(35,44) 

 

12(10,13) 

9(7,11) 

 

3(3,3) 

1(1,2) 

Extension  

Right 

Left 

 

19(17,20) 

19(17,21) 

 

25(22,28) 

23(21,26) 

 

6(5,8) 

4(4,5) 

 

17(15,18) 

17(15,19) 

 

25(22,29) 

24(21,27) 

 

8(7,11) 

7(6,8) 

 

2(2,3) 

3(2.3) 

External 

Rotation 

Right 

Left 

 

 

16(14,18) 

16(15,17) 

 

 

19(17,22) 

19(17,22) 

 

 

3(3,4) 

3(2,5) 

 

 

14(13,15) 

14(13,15) 

 

 

20(18,22) 

18(16,21) 

 

 

6(5,7) 

4(3,6) 

 

 

3(2,3) 

1(1,2) 

Internal 

Rotation 

Right  

Left 

 

 

20(19,22) 

19(18,21) 

 

 

24(21,27) 

23(21,26) 

 

 

4(3,5) 

4(3,5) 

 

 

18(16,19) 

18(16,20) 

 

 

25(23,28) 

25(22,28) 

 

 

7(7,9) 

7(6,8) 

 

 

3(3,4) 

        3(3,4) 

*Summary reflects only the observed data.  6 week follow up data from 9 participants were lost to follow up. 

 

A summary of the biomechanical data by group, at baseline, at 6-week follow-up, and 

the change scores following the 6-week exercise intervention is presented in Table 6.7.  

Due to the fact that not all the biomechanical data was normally distributed, medians and 

interquartile ranges are presented within the summary table and are indicated by italic font. 

No statistically significant changes in the frontal plane positions of the trunk, pelvis, or hip 

measured during the TT were found within either group. Similarly, no statistically 

significant changes in the frontal plane excursions of the trunk, pelvis, or hip measured 

while walking were found within either group following their respective exercise 

intervention program.  Finally, no significant differences in the change in any of the frontal 

plane measures between groups were measured during the TT or while walking.    
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Table 6.9: Biomechanical Data Summary  

Biomechanical 

Measure 

Group One 

Motor Control 

Exercise 

Group Two 

Combined Motor Control + Hip 

Exercise 

 Baseline 

(n=35)* 

x̄ (95%CI) 

6Week FU 

(n=31)* 

x̄ (95%CI) 

median (IQR) 

Change 

(n=32)* 

x̄ (95%CI) 

median (IQR) 

Baseline 

(n=39)* 

x̄ (95%CI) 

 

6Week FU 

(n=34)* 

x̄ (95%CI) 

median (IQR) 

Change 

(n=34)* 

x̄ (95%CI) 

median (IQR) 

Trendelenburg Test 

Right 

      

 Pelvic Drop (°) -0.6(-1.8,0.6) a -0.7(-3.2,1.1) a -0.5(-1.7, 0.6) -0.6(-0.6,0.5) a -0.4(-2.5,1.2) a -0.2(-1.7,0.4) 

Trunk Lean (°) -2.3(-3.6,0.9) b -1.3(-2.6,0.1) b 1.1(0.2,2.2) -2.1(-3.6,- 0.6) b -1.6(-3.2,0) b 0.3(-0.9,1.4) 

Hip Adduction(°) -9.2(-10.5,-8.0) -8.6(-10.0,-7.8) 0.4(-0.6,1.4) -9.0(-10.1,-7.9) -8.6(-9.6,-7.5) 0.5(-0.5,1.5) 

Trendelenburg Test 

Left 

      

Pelvic Drop (°) 0.8(-0.3,1.8) a 1.0(-0.2,2.1) a 0.2(-0.7,1.0) 2.4(1.2,3.6) a 2.0(-0.9,3.1) a 0.4(-1.3,0.5) 

Trunk Lean(°)  2.0(0.5,3.5) b 1.2(-0.3,2.7) b -0.4(-0.9,1.1) 0.5(-0.9,1.8) b 0.1(-1.1,1.2) b -0.9(-2.0,0.2) 

Hip Adduction(°) -9.1(-10.1,-8.0) -8.9(-10.0,-7.8) 0.1(-0.9,1.0) -6.9(-8.3,-5.6) -7.6(-8.9,-6.2) 0.7(-1.7,0.2) 

Walking       

Pelvic Excursion(°)  10.5(9.6,11.3) 9.9 (9.2,10.6) -0.5(-1.2,0.1) 9.9(8.9,10.8) 9.7(8.7,10.7) -0.1(-0.6,0.5) 

Trunk Excursion(°)  12.2(11.5,12.9) 11.8(9.6,13.0) -0.6(-1.3,0) 11.1(10.3,11.9) 10.5(8.5,12.9) -0.3(-0.9,0.3) 

Right Hip Excursion(°) 11.8(10.6,12.9) 11.5(10.5,12.5) -0.2(-1.0,0.5) 11.2(10.0,12.4) 10.9(9.7,12.0) 0.1(-0.7,0.4) 

Left Hip Excursion(°) 11.7(10.7,12.9) 11.6(10.6,12.5) -0.3(-1.0,0.5) 10.7(9.6,11.9) 10.3(9.1,11.5) -0.3(-0.9,0.4) 

* Summary reflects only the observed data with outliers and missing data removed 

a Zero is a horizontal pelvis position with a positive number indicating that the right pelvis is higher than the left 

b Zero is a vertical trunk position with a positive number indicating a left lean position 

 

 

 

6.5 Discussion 

The primary objective of the current study was to determine if a combined 

lumbopelvic motor control exercise and hip strengthening exercise program was more 

efficacious in reducing pain and disability than a lumbopelvic motor control exercise 

program for the treatment of NSLBP.  The secondary objective was to explore changes in 

hip muscle strength and frontal plane mechanics following the 6-week exercise programs in 

order to determine if the measured changes coincided with the differences in the change in 

pain and disability between groups, and to investigate the physiological effects of each of 
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the exercise programs.  To our knowledge, this was the first study to investigate the effect 

of adding targeted hip strengthening exercise to a lumbopelvic motor control exercise 

program for the treatment of NSLBP and one of the few studies to concurrently measure 

self-report and physiological outcomes within a sample of individuals with NSLBP.  Our 

results indicated that the combined lumbopelvic motor control exercise and hip 

strengthening exercise program was no better than the lumbopelvic motor control exercise 

program in reducing either pain or disability.  The proportion of individuals achieving a 

successful treatment outcome defined by the minimal clinical difference in pain of 15mm 

pain was similar between groups and indicates that both exercise programs had similar 

treatment effects.  Finally, the combined lumbopelvic motor control exercise and hip 

strengthening exercise program resulted in significant increases in strength for 4 out of 8 of 

the measures of hip strength and no significant differences in frontal plane mechanics were 

measured between groups.  

 

6.5.1 Primary Analysis 

Contrary to the hypothesis, but similar to several other studies in in this area, only a 

small and insignificant difference in the mean change in pain was found between groups 

indicating that both exercise programs were equally effective.  These results are similar to 

the results of a recent systematic review investigating the effect of motor control exercise 

programs in individuals with NSLBP (Macedo, Maher, Latimer, & McAuley, 2009).  For 

pain (Scale:0-100), the pooled estimate of treatment effect between motor control-focused 

and other exercise therapies at short term follow up (<3mos) was calculated to be -6.0mm 
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(-15.0, 3.1).   Our results are similar, at 6-week follow up the treatment effect was -4.0mm 

(-11.5, 3.5) indicating that there was no difference in treatment effect between therapies and 

that the addition of hip strengthening exercises to a motor control exercise program does 

not result in greater reductions in pain. The review by Macedo, Maher, Latimer, & 

McAuley (2009), compared motor control exercise programs to primarily general 

abdominal and trunk strengthening programs, whereas the current study involved a slightly 

different comparison; the additive effect of hip strengthening to a motor control exercise 

program.  Although different comparisons were made within each study, both the review 

and the current study aimed to provide evidence to support the use of a specific exercise 

intervention for the treatment of NSLBP. The results of both studies indicate no difference 

in treatment effect between the compared exercise therapies and no evidence to support the 

use of one type of exercise intervention over the other for the treatment of NSLBP. It 

appears that individuals with NSLBP will respond similarly to exercise regardless the type 

and suggests that the measured change in pain or treatment effect may not necessarily 

depend solely on the type of prescribed exercise.  Perhaps research aimed at optimizing 

treatment outcomes for individuals with NSLBP should focus less on the specific type of 

exercise programs and start investigating the effect of combined interventions including 

both physiological and psychological interventions.  Nonetheless, considering that 

following the combined lumbopelvic motor control exercise and hip strengthening exercise 

program 68% of participants demonstrated clinically meaningful reductions in pain, and 

this is the first randomized control trial to investigate the effect of targeted hip 

strengthening exercise for the treatment of NSLBP, further studies investigating the use of 
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targeted hip strengthening exercise to exercise therapy interventions for the treatment of 

NSLBP are warranted.    

 For the outcome of disability, a less than a 1% difference was found between groups 

and neither group demonstrated minimal clinical differences in disability.  The treatment 

effect between groups in the present study was much smaller than the results presented for 

disability in the review by Macedo, Maher, Latimer, & McAuley, (2009).  The pooled 

estimate of treatment effect for disability between motor control-focused and other exercise 

therapies at short term follow up (<3mos) was calculated to be -5.1% (-8.7, -1.4), whereas 

in the current study at 6-week follow up the treatment effect for disability was -0.3% (-3.5, 

2.8).  Two possible explanations for this difference can be suggested; the low level of 

participant disability measured at baseline and the shorter length of follow-up.  At baseline, 

participants in the study reported minimal levels of disability with mean disability scores of 

20% (Group One) and 22% (Group Two) (Fairbank, Couper, & Davies, 1980).  As a result 

of the low level of disability at baseline, this left only a small range from which the change 

in disability could be recorded.  This small range resulted in relatively low change in 

disability scores for participants within both groups and less ability to determine a 

difference between groups.  Ostelo et al. (2008) reports clinical meaningful differences of 

10% for the ODI thus participants in the current study required approximately a 50% 

reduction in disability over the 6 week intervention period in order to achieve a clinically 

meaningful result.  Therefore, not only were meaningful changes in disability difficult to 

achieve, as evidenced by the 45% rate of successful treatment achieved by both groups, this 

small range could also limit the measurement of the difference in the change in disability 
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between groups.  Finally, for the outcome of disability, longer follow-up periods may be 

required for meaningful reductions in disability especially for higher functioning 

participants.  

 

6.5.2 Secondary Analysis 

6.5.2.1 Hip Strength  

As expected, Group One demonstrated small insignificant increases in hip strength 

following the intervention with an effect sizes for the 8 hip strength measures ranging from 

0.04 to 0.41 and measured increases in hip strength between 3-9% BW.  Group Two 

demonstrated significantly increased hip strength in four out of the eight measures with 

effect sizes ranging from 0.40 to 0.89 and measured increases in hip strength between 4-

12% BW.  The addition of the hip strengthening exercises did result in an increase in hip 

strength but the increases were less than expected. A possible explanation for this could be 

the hip strength of the participants at baseline.  The hip strength measured at baseline 

varied with the lowest relative strength measured in the hip rotators (14-20% BW) followed 

by the hip extensors (17-19% BW) and hip abductors (30-40% BW).  Surprisingly, these 

values compare closely to the published hip strength data of healthy active controls 

collected with the same methods (Bohannon 1997; Ireland, Willson, Ballantyne, & 

McClay-Davis 2003).  Bohannon (1997) provided reference values that range of 30-40% 

BW for the hip abductors in men and women 20-70yrs of age and in the study by Ireland, 

Willson, Ballantyne, & McClay-Davis (2003), female controls demonstrated between 28-

35% BW and between 14-20% BW in the hip abductors and hip external rotators 
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respectively.  Although decreased hip extensor muscle strength and hip muscle fatigability 

and has been associated with low back pain (Nadler, Malanga, DePrince, Stitik, & Feinberg 

2002;Nourbakhsh, & Arab, 2002), and that significant decreases in HABD abductor muscle 

strength have been measured within individuals with NSLBP previously (Kendall, Schmidt, 

& Ferber 2010), the sample of the NSLBP population in the current study did not appear to 

demonstrate a significant impairment in hip muscle function.  This apparent lack of 

‘weakness’ at onset may explain why greater increases in hip strength were not achieved 

within Group Two and larger differences in strength between groups were not observed 

following the intervention.  Finally, considering that the hip strengthening exercises were 

what differentiated the two exercise intervention programs, the small differences in hip 

strength between groups following the 6 week intervention may have limited both the 

comparisons of pain and disability and biomechanics between groups.   

 

6.5.2.2 Biomechanics 

We hypothesized that for participants randomized into Group Two, the addition of 

hip strengthening exercises to a lumbopelvic motor control exercise program would 

contribute to increased mechanical control of the trunk, pelvis, and hip and therefore result 

in greater reductions in pain and disability.  These hypotheses were based on both the 

anatomical and mechanical theory of spinal stability of Bergmark (1989) and Panjabi 

(1992)  and the results of previous biomechanical studies that have shown changes in lower 

body mechanics following proximal strengthening of the hip muscles (Snyder, Earl, 

O’Conner, & Ebersole, 2009; Ferber, Kendall, & Farr 2011; Baldron et al. 2012).  Based on 
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our knowledge, this is the first study that has concurrently measured self-report outcomes 

and physiological measures of hip strength and biomechanics in a NSLBP population in 

order to investigate the potential underlying mechanical factors related to NSLBP.   

Despite increases in hip strength and decreases in pain, participants in Group Two 

demonstrated no changes in frontal plane mechanics during the TT or while walking 

following the 6-week combined lumbopelvic motor control exercise and hip strengthening 

program.  Similar comprehensive analyses aiming to identify underlying mechanisms of 

pain and function have been done within other clinical populations including hip 

osteoarthritis (Bennell et al. 2010) patellofemoral pain syndrome (Earl & Hoch 2011), and 

in healthy controls (Snyder, Earl, O’Conner, & Ebersole 2009; Baldon et al 2012) with 

contradictory results.  Bennell et al. (2010) reported decreases in pain and increases in 

function following hip strengthening but found no changes in knee joint loading while 

walking.  Likewise, following an 8 week exercise program to strengthen the hip and spinal 

stabilizing musculature, significant improvements in pain, functional ability, and hip and 

abdominal strength were achieved but were not accompanied by significant changes in hip 

joint biomechanics during the stance phase of running (Earl & Hoch, 2011).   In contrast, 

Snyder, Earl, O’Conner, & Ebersole (2009) have reported that significant increases in hip 

abductor and hip internal rotator strength resulted in significant decreases in ankle eversion 

and hip adduction during running following a closed kinetic chain hip strengthening 

program.  Finally, and most recently, Baldon et al (2012) investigated the effect of 

functional stabilization training including abdominal, hip, and lower extremity exercises on 

lower limb biomechanics during the performance of a single leg squat.  Following the 8-
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week training program, significant increases in hip strength were accompanied by 

reductions in peak knee abduction, pelvic drop, and hip adduction angles (Baldon et al. 

2012).  While it is difficult to draw specific conclusions between the above mentioned 

studies, some suggestions can be made that may help future research progress the 

understanding of lumbopelvic stability in NSLBP and the effects of exercise interventions.    

Studies that have reported significant changes in mechanics following strengthening 

have used the single leg squat test or treadmill running to measure the biomechanical 

outcomes whereas the current study used the TT and treadmill walking. It is possible that 

the TT and treadmill walking represent functional tasks which suffer from ceiling effects 

and are simply not sensitive or challenging enough to detect differences in lumbopelvic and 

hip muscle function.  Future biomechanical research with NSBLP populations should 

consider evaluating changes in mechanics during increasingly more challenging functional 

movement tasks that may be more sensitive to change.  In addition, studies reporting 

significant changes in mechanics following strengthening have both been done with healthy 

controls, whereas the studies reporting no changes in mechanics, including the current 

study, have been conducted with injured populations.  Thus it appears that within healthy 

populations, targeted strengthening interventions do in fact result in the expected changes 

in mechanics.  However, within injured populations, this apparent relationship between 

strengthening and mechanics is less clear.   The presence of pain associated with chronic 

injury creates a much more complex and multifactorial relationship.  Biomechanical studies 

using outcome measures such as the variability or coordination of movement patterns may 
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be more useful to investigate the effect of exercise interventions on mechanics due to the 

inconsistent and individual movement compensations as a result of chronic pain.   

 

6.5.3 Strengths and Limitations 

Several strengths are apparent in the current study, including the optimal 

implementation of the exercise intervention programs, a low number of participants lost to 

follow up, and the concurrent measurement of self-report and physiological outcomes.  

Adherence to the program was excellent in both groups and resulted in participants 

successfully completing over 80% of the home based exercise therapy and an average of six 

weekly appointments over the 6-week intervention period including RTUS monitoring.  

The RTUS biofeedback monitoring for all participants was completed by the PI who was 

specifically trained and blinded to group assignment.  Therefore, participants were provided 

with consistent biofeedback training that helped to ensure that exercises were performed 

correctly.  Similarly, one trained Rehabilitation Specialist, directed all rehabilitation 

sessions and ensuring consistency and standardization of instruction.  Therefore the high 

adherence rate, low number of participants lost to follow up, and the standardized and 

consistent implementation of the exercise programs support the internal validity of the trial.  

In addition, both the low number of participants lost to follow up and the high adherence 

rate to the intervention support the viability of the exercise interventions used in the study.  

Finally, the study measured both self-report outcomes of pain and disability concurrently 

with physiological outcomes of hip strength and frontal plane mechanics which allowed for 
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the investigation of potential underlying mechanisms of pain which has not been done to 

date.    

Several limitations of the study are also acknowledged.  The required sample size to 

power the study was based upon one-sided estimates.  This decision was made based on the 

hypothesis that both pain and disability will be reduced following the 6-week exercise 

programs and supported by the results of a recent systematic review that reported pooled 

mean differences in pain of -14.3mm (95%CI: -20.4mm, -8.1mm) and in disability of -

9.6% (95%CI:-20.7, 1.5) at short term follow up (<3mos) when comparing motor control 

exercise to no intervention for persistent NSLBP (Macedo, Maher, Latiner, & McAuley, 

2009).  Considering that motor control exercises formed the basis of both of the exercise 

interventions used in the study, we expected a difference in only one direction and felt that 

there was little chance that the addition of the hip strengthening exercises to the motor 

control exercise program would be harmful rather than helpful.  Thus we feel that the 

decision to utilize one-sided estimates within the sample size calculation was justified.  In 

addition, the sample size calculation revealed a required sample of 32 participants per 

group to adequately power the study.  This number was increased by 8 participants per 

group to protect for loss of power due to an estimated 25% drop out, thus 40 participants 

per group.  Considering that the actual percent drop out was only 10% and 12% (4 and 5 

participants) per group respectively, the final analysis included a greater number of data 

sets that was required to power the study.     

The time since onset of pain is a known prognostic factor for recovery in chronic 

musculoskeletal pain syndromes.  In the current study, the time since onset variable data 
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was collected at baseline using an open, rather than structured question.  As a result, this 

baseline characteristic may have been misrepresented within the groups based on the recall 

ability of each participant and a large variability within the data was observed.  However, 

considering that the time since onset of pain was not a variable used to categorize 

participants at baseline, there was no risk of misclassification. Additionally, the time since 

onset of symptoms duration was similar between groups at baseline and was not found to 

be a confounding or effect-modifying factor in the analysis.  However, due to the possible 

misrepresentation of the time since onset of symptoms and the large variability of the data, 

caution must be taken in the interpretation and comparison of the magnitude of the reported 

treatment effects.   

There was no minimum ODI score required for inclusion at baseline.  As a result, five 

percent of the baseline ODI scores within each group were less than 10%.  A baseline score 

of 10% or less resulted in an insufficient range from which a minimal clinical difference 

could be measured.  Therefore, this variable experienced a floor-effect and as a result the 

reported treatment effect of the exercise intervention on disability as well as the reported 

rate of successful treatment may have been underestimated.  However, considering the 

small percentage of the data was affected that the percentage was equivalent between 

groups the threat to the internal validity of the study was considered minimal.  However, 

the interpretations and comparison of the reported treatment effects as well as the 

generalization of the results to other populations should be made with caution.   

A further limitation of the study was the use of 2D rather than 3D motion analysis.  

Biomechanical motion occurs in 3 dimensions and as a result, 3D motion analysis is 
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considered the gold standard for biomechanical movement analysis.  However, for the 

biomechanical outcomes, we chose to only to analyse the 2D frontal plane mechanics.   

Clinicians typically perform either a visual or single-camera assessment of biomechanical 

movement during either the TT or to assess pelvic and trunk motion while walking and we 

feel that the simplicity of the 2D measurement will provide more clinically relevant and 

useful information for practitioners.  With respect to using 2D analysis to accurately 

describe frontal plane motion, Cornwall & McPoil (1995) compared the use of 2D and 3D 

systems for analysis of the rearfoot motion in the frontal plane, and found that 2D analysis 

can be accurately used.   

Finally, the generalizability of the study results may be limited due to the nature of 

the study design and the 2-step recruitment process and inclusion criteria.  There was no 

true control group from which the experimental exercise intervention could be assessed.  It 

has already been shown that lumbopelvic motor control exercise programs, similar to that 

employed in the current study, are more effective than no intervention for individuals with 

NSLBP (Macedo, Maher, Latimer, & McAuley, 2009).  Thus rather than repeat what has 

already be done we decided that ethically it would be more responsible to provide a 

standard treatment intervention know to be effective as the control arm of the study.  

However, it is acknowledged that in choosing this study design we are unable to evaluate 

the absolute treatment effect of each of the exercise interventions but rather only the 

relative effects between interventions thus limiting the ability to generalize the estimated 

treatment effects of the interventions back to the target population.      
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The study recruitment followed a two-step process including an initial and then 

clinical screening of participants for inclusion into the study.  Only 25% of the individuals 

who enquired about the study passed the initial screening criteria and 34% of those who 

underwent the clinical screening were excluded as a result of the clinical screening criteria.  

The aim of the recruitment process and extensive inclusion criteria was to identify specific 

subgroup of individuals with NSLBP characterized according to O’Sullivan (2005) as those 

with demonstrating movement and control impairments.  In addition, to ensure the validity 

of the biomechanical analysis additional exclusion criteria were necessary.  Therefore, due 

to extensive inclusion criteria the participants enrolled in the study represent a relatively 

small proportion of the NSLBP population and caution must be taken in the generalization 

of the study results to all individuals diagnosed with NSLBP.   

 

 

6.6 Conclusion 

In conclusion, the addition of hip strengthening exercises to a lumbopelvic motor 

control exercise program did not improve the outcomes of pain and disability for 

individuals with NSLBP.  Based on the previously published literature and results of the 

current study, it appears that individuals with NSLBP will respond similarly to exercise 

regardless of the type.  Further research aimed at optimizing treatment outcomes for 

individuals with NSLBP should investigate the effect of combined interventions including 

both physiological and psychological portions. Finally, following the 6-week exercise 

program, no significant changes in frontal plane mechanics were measured during the 
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Trendelenburg test and while walking.  Future biomechanical research with NSBLP 

populations should consider evaluating changes in mechanics during increasingly more 

challenging functional movement tasks that may be more sensitive to change.  In addition, 

the use of outcome measures such as the variability or coordination of movement patterns 

may be more useful to investigate the effect of exercise interventions on mechanics due to 

the inconsistent and individual movement compensations as a result of chronic pain.   
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Chapter Seven: Implications and Future Directions  

7.1 Introduction 

This dissertation set out to address two major challenges facing clinical researchers 

focused in the area of NSLBP.  These included understanding the mechanisms that 

contribute to NSLBP and identifying evidence based treatment strategies that yield optimal 

clinical outcomes for those individuals living with chronic NSLBP.  With this research we 

aimed to contribute new knowledge in two areas for which gaps in the literature exist; the 

clinical assessment of lumbopelvic stability and the use of targeted hip strengthening 

exercise within exercise therapy programs designed to treat NSLBP.  Specifically we 

sought to answer the following questions: 

 

3. How do we best interpret and utilize the Trendelenburg test? / Can the 

Trendelenburg test be confidently used to assess lumbopelvic stability?  

4. Does the addition of hip muscle strengthening to lumbopelvic motor control 

exercise programs result increased lumbopelvic stability and yield better clinical 

outcomes for individuals with NSLBP? 

 

7.2 Synthesis of Findings 

The main findings from each of the four studies were summarized within their 

respective chapters: Chapters Three, Four, Five, and Six.  Therefore, this section will 

synthesize the empirical findings and discuss the theoretical implications in order to 

address the main research questions as outlined above.    
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7.2.1 The Trendelenburg Test 

The Trendelenburg theory was first described in a classic article published in 1895 

and was based upon the observations of patients with known hip pathology (Trendelenburg, 

1998).   Although not described in the classic article, the TT as performed in orthopedic 

assessments today (Hardcastle and Nade, 1985) developed based on this theory and has 

since been implemented on more general populations with pathologies distant from the hip.  

The theoretical construct underlying the TT suggests that frontal plane pelvic position is 

primarily dependent upon the functional strength of the HABD muscles.  A positive TT 

outcome is represented by an observable drop of the contralateral pelvis during single leg 

stance or the stance phase of gait, with its accompanying interpretations being ‘weakness’ 

of the HABD musculature of the stance leg and reduced pelvic stability.  This exaggerated 

drop in frontal plane pelvic position has also been associated with impaired lumbopelvic 

stability and used in the clinical assessment of NSLBP.  The TT has a common place within 

orthopedic assessment texts and is described for use as functional test of HABD strength 

(Starkey & Ryan, 2002;Magee, 2007) and the ability of these muscles to support the 

transfer of load through the pelvis and support lumbopelvic stability (Lee, 2011).  

However, the test remains a subjectively scored test without objective criteria defining its 

outcomes and as a result its interpretation remains unclear.  Therefore, we applied research 

methods using objective measures to complete four studies that investigated the 

measurement validity of the TT as a test of both functional HABD strength and 

lumbopelvic stability in order to better define the interpretation of its outcomes and provide 

more specific recommendations surrounding its use.   
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When considered together, the results of the four studies do not support the validity 

of the TT as a measure of functional HABD strength and also suggest that the TT has 

limited use as a measure of lumbopelvic stability. The results of our first study, the large 

correlation study, revealed weak and non-significant negative correlations between HABD 

strength and cPD, signifying that HABD strength is not a significant predictor of frontal 

plane pelvic position during the TT.   Conversely then, the results also show that the ability 

to maintain a horizontal pelvic position during the TT cannot be solely attributed to the 

strength of the HABD musculature.  This study also found no difference in HABD strength 

between those individuals demonstrating positive rather than negative scores on the TT 

indicating that the TT outcome was unable to discriminate between quantities of HABD 

strength.  In further support, the results of study two and three demonstrated that average 

reductions of 52% HABD strength as a result of an experimental nerve block and 

significant increases in HABD strength following a HABD specific strengthening program 

did not result in significant changes in cPD measured during the TT.  These results indicate 

the poor responsiveness of the TT to measured changes in HABD strength.  Finally, the 

results of the secondary analysis within study four revealed that a comprehensive, 6-week 

combined lumbopelvic and hip exercise program aimed at increasing lumbopelvic stability 

did not result in significant changes in frontal plane pelvic position measured during the TT 

again showing that the TT has limited ability to detect changes in underlying physiological 

constructs it is meant to measure.  
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Our results are consistent with and add to the current body of literature that does not 

provide support of the TT theory and suggests that the use of the TT is limited within 

populations without significant hip pathology.  DiMattia, Livengood, Uhl, Mattacola & 

Malone (2005) reported poor correlation between HABD strength and ipsilateral hip 

adduction angle measured during the TT within healthy controls, and concluded that the 

validity of the TT as a screening measure for HABD strength is questionable.  Our 

correlation study results provide further evidence that within both healthy controls and 

individuals with NSLBP that the TT outcome, (frontal plane position of the pelvis) is not 

significantly associated with the strength of the HABD musculature and strongly suggests 

that the TT should not be considered a valid functional test of HABD strength within either 

group.  Youdas, Madson, & Hollman, (2010), tested the usefulness of the TT in identifying 

patients with hip osteoarthritis from controls.  Despite significant differences in strength 

between the two groups, no difference in the TT outcome (pelvic on femoral angle) was 

measured between groups and therefore the TT was unable to discriminate the hip patients 

from controls.  The results of our experimental studies provide further evidence to support 

these findings and suggest that the TT should be reserved for use only within populations 

demonstrating significant impairments.  Study two demonstrated that a 52% reduction in 

HABD strength was insufficient to cause the frontal plane hip, pelvic, and trunk 

compensations described by Trendelenburg theory.  Study three demonstrated that despite 

significant differences in HABD strength at baseline, no differences in TT outcome (frontal 

plane pelvic position) was measured between controls and individuals with NSLBP.  Study 

three also showed that the TT outcome was not responsive to change following a 
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significant increase in HABD strength within the NSLBP group as no changes in cPD were 

measured as a result of the strengthening.  Finally, despite its reported use as measure of 

lumbopelvic stability, no changes in frontal plane position of the hip, pelvis, or trunk were 

measured during the TT, and no changes in frontal plane excursions during walking were 

measured following an exercise intervention specifically aimed at improving lumbopelvic 

stability within individuals with NSLBP.   These results suggest that the TT simply may not 

be vigorous or robust enough to reflect changes in a multifaceted construct like 

lumbopelvic stability and provides evidence that the use of the TT to assess lumbopelvic 

stability is limited.   

 

7.2.2 Hip Strengthening Exercise for the Treatment of NSLBP 

Exercise therapy is a recommended treatment for chronic NSLBP; but research has 

yet to be able to provide evidence to support the use of one type of exercise over another 

and the treatment effects are found to be low. The mechanical theory of spinal stability 

(Bergmark 1989), the conceptual model of the spinal stabilizing system (Panjabi 1992), as 

well as biomechanical studies that have identified muscles that contribute to spinal stability 

(McGill, Grenier, Kavcic, & Cholewicki, 2003;Kavcic, Grenier & McGill 2004;Grenier & 

McGill 2007), and that have identified impaired motor control within individuals with low 

back pain (Hodges, & Richardson, 1996;Hungerford, Gillaerd, & Hodges, 2003;Silfies, 

Squillante, Maurer, Westcott, & Karduna 2005) have been the basis from which most 

exercise therapy programs have been developed.  The underlying assumption is that 

individuals with chronic NSLBP demonstrate impaired lumbopelvic stability (impaired 
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control and function of the spinal musculature and resultant poor control of movement 

patterns) which is a factor that contributes to their ongoing pain and that targeted exercise 

will help to restore stability and resolve their symptoms.  However, most exercise based 

interventions have utilized exercises primarily focused upon the trunk and very little focus 

has been placed upon the hip musculature, its contribution to lumbopelvic stability and the 

potential use of hip strengthening for the treatment of NSLBP.  

Based on the underlying theory of lumbopelvic stability and the mechanical links 

between the lumbar spine, pelvis, and hip, we hypothesized that the addition of hip muscle 

strengthening exercises to a lumbopelvic motor control exercise program would enhance 

lumbopelvic stability and result in greater reductions in pain and disability for individuals 

with NSLBP.  In contrast to our hypothesis, the results of study four suggested that the 

combined lumbopelvic motor control exercise and hip strengthening exercise program was 

no better than the lumbopelvic motor control exercise program in reducing pain or 

disability.  The results suggest that there is no additive effect considering that the combined 

program did not result better clinical outcomes for individuals with NSLBP.   

The results of our study are in part consistent with those found within the literature 

and do add to this growing body of knowledge surrounding exercise and NSLBP.  Macedo, 

Maher & McAuley, (2009) have most recently reviewed the effectiveness of motor control 

exercise for the treatment of NSLBP and compared motor control exercise versus other 

exercise interventions.  When compared to other forms of exercise therapy, motor control 

exercise was found to be more effective at reducing disability at short term follow up -5.1% 

(95%CI, -8.7,-1.4), but was found to be no better than other exercise therapy at reducing 
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pain at short -6.0mm (95%CI, -15.0, 3.1), intermediate -5.0mm(95%CI, -10.7, 0.8), and 

long term follow up -1.4mm (95%CI, -7.6, 4.9) and no better at reducing disability at 

intermediate -1.5% (95%CI, -6.4, 3.5) and long term follow up 3.8% (-3.9, 11.4).  Although 

our study used a slightly different comparison and investigated the effect of the addition of 

targeted hip exercise to motor control exercise, we too found similar results; No significant 

difference between the two exercise based treatment programs.  Both programs did result in 

minimal clinical differences in pain (lumbopelvic motor control exercise; -21mm: 95%CI, -

26,-16, combined lumbopelvic motor control exercise and hip strengthening exercise; -

25mm: 95%CI, -31,-19), but there was no difference between groups and suggests that 

adding hip based strengthening to lumbopelvic motor control exercise programs does not 

result in better clinical outcomes for individuals with NSLBP.    

For individuals with NSLBP, it appears that when compared to minimal or no 

treatment, lumbopelvic motor control exercise is considered effective (Macedo, Maher & 

McAuley, 2009). However, when compared to other forms of exercise therapy, motor 

control exercise is no more effective (Macedo, Maher & McAuley, 2009).  Our results 

demonstrated that the addition of targeted hip strengthening exercise to lumbopelvic motor 

control exercise programs does not significantly increase the efficacy of these programs in 

the reduction of pain and disability but it does add new information to the existing 

literature. However, the question that still remains is which type of exercise therapy will 

result in more optimal clinical outcomes for individuals with NSLBP.   

Our secondary analysis as part of the randomized controlled trial explored the effect 

of the interventions on frontal plane mechanics measured during the TT and walking as 
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measures of lumbopelvic stability.  The results showed that despite reductions in pain, no 

significant changes in frontal plane mechanics following either of the 6-week exercise 

interventions were measured during the TT or while walking.  This result was surprising as 

we hypothesized that the combined lumbopelvic motor control exercise and hip 

strengthening exercise program would result in an increase in control of lumbopelvic and 

hip motion and this would be the mechanism through which reductions in pain and 

disability would take place.   

Similar comprehensive studies aiming to understand the underlying mechanisms of 

pain and function have been done within other clinical populations using biomechanical 

analysis and the results have been similar (Bennell et al. 2010;Earl & Hoch 2011).  Bennell 

et al. (2010) reported decreases in pain and increases in function following hip 

strengthening but found no changes in knee joint loading while walking in patients with hip 

osteoarthritis.  Likewise, following an 8 week exercise program to strengthen the hip and 

trunk musculature, significant improvements in pain, functional ability, and hip and core 

strength were achieved but were not accompanied by significant changes in hip joint 

biomechanics during the stance phase of running for individuals with patellofemoral 

syndrome (Earl & Hoch, 2011).  The presence of pain and other factors associated with 

chronic injury may interfere with the direct relationship between targeted strengthening and 

changes in mechanics.  As a result, more sophisticated analysis may be required to study 

these complex and multifactorial relationships.   For example, the use of outcome measures 

such as the variability or coordination of movement patterns may be more useful to 



 

143 

 

investigate the effect of exercise interventions on mechanics due to the inconsistent and 

individual movement compensations as a result of chronic pain.   

 

7.3 Clinical Implications 

Based upon the empirical results presented as part of this dissertation with 

consideration what has been provided in the previous literature several clinical implications 

can be suggested. 

 

7.3.1 The Use of the Trendelenburg Test 

 

1. The TT should not be used as a functional screening measure of HABD strength 

within healthy populations and clinical populations demonstrating HABD strength 

greater than 30%BW.   

2. The TT should not be used as an outcome measure to determine changes in HABD 

function as it is not responsive to either significant increases or decreases in HABD 

strength.   

3. The TT should be reserved for use within populations with significant hip pathology 

but it should be acknowledged that a HABD strength of 10%BW or greater may be 

sufficient to support a negative test and if used in isolation my lead to inappropriate 

conclusion regarding HABD muscle function.       

4. The use of the TT as a measure of lumbopelvic stability is limited for use 

individuals with NSLBP.    
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5. The sole use of the TT either as a measure of HABD strength or lumbopelvic 

stability is inappropriate. 

 

7.3.2 The Use of Hip Strengthening Exercise for the Treatment of NSLBP 

Although the results of the current study suggest adding hip based strengthening 

exercise to motor control-focused lumbopelvic exercise programs does not result in greater 

reductions in pain and disability for individuals with NSLBP, they do not preclude the use 

of hip strengthening exercise.  68% of participants in the lumbopelvic motor control 

exercise and hip strengthening exercise group achieved a successful treatment defined by a 

minimal clinical difference in pain indicating that a meaningful result for the participants 

involved in the trial and support for the use of the exercise program as a treatment for 

NSLBP.  The inclusion of hip based exercise may be more appropriate within a subset of 

individuals with NSLBP demonstrating hip weakness. Considering that the participants in 

the current study had near normal levels of hip strength at baseline, it is possible that had 

the participants had considerable deficits in hip strength, they may have benefitted more 

from the combined program and this may have resulted in a greater difference between 

groups.  Finally, considering this only was the first study to specifically compare the effect 

of adding hip strengthening to motor control-focused lumbopelvic exercise programs 

caution should be taken in making any firm clinical decisions based solely on these results. 
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7.4 Recommendations for Future Research 

Several questions surfaced as a result of completion of this work which should be 

addressed with future research.  A brief discussion surrounds each of the following 

questions in order to provide recommendations of future research.   

 

1. How can we more effectively use motion analysis techniques to measure 

lumbopelvic stability (to identify movement and control impairments) in NSLBP 

such that treatment recommendations based upon objective findings can be based? 

 

One of the limitations within this work was the use of 2D motion analysis for the 

measurement of mechanical motion.  We chose to use 2D rather than 3D motion analysis as 

clinicians typically perform either a visual or single-camera assessment of biomechanical 

movement in the frontal plane during either the TT or to assess pelvic and trunk motion 

while walking and we felt that the simplicity of the 2D measurement would provide more 

clinically relevant and useful information for practitioners.  However, 3D motion analysis 

is considered the gold standard for biomechanical movement analysis and does provide 

more information in all three planes of motion thus future studies aiming to measuring 

movement and control impairments should consider using 3D motion analysis techniques.  

In fact, two studies using 3D kinematic analysis have studied the influence of NSLBP on 

lumbar spine kinematics and pelvis-trunk coordination during walking and have been able 

to identify differences that distinguish those with and without pain and point to methods 
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that can be used in future research (Vogt, Pfeifer, Portscher & Banzer 2001;Seay, Van 

Emmerik & Hamill, 2011).   

Vogt, Pfeifer, Portscher & Banzer, (2001) has found significantly higher coefficients of 

variation of pelvic and thoracic movement patterns in all three planes within individuals 

with NSLBP.  The coefficient of variation is a measure used to represent intra-subject 

variability in movement and is calculated from the motion curves over selected number of 

strides during walking.  For individuals with NSLBP, this calculated measure of variation 

may represent a variable that can be used as an indicator of impaired control of movement 

and help quantify lumbopelvic stability. Seay, Van Emmerik & Hamill, (2011) found 

differences between NSLBP and control groups using a pelvis-trunk coordination analysis.  

The coordination analysis quantifies the proportion of the gait cycle spent in trunk-only, 

pelvis-only, in-phase and anti-phase motions.  The results showed that individuals with 

NSLBP spend more time in-phase in frontal and transverse planes which the authors 

suggest is attributed to a ‘guarded gait’ pattern and non-optimal coordination.  Pelvis-trunk 

coordination analysis may also be useful to help quantify lumbopelvic stability. Therefore, 

in addition to using 3D motion analysis techniques for the evaluation of movement patterns 

and quantity of movement at specific joints and segments, a further step to investigate 

measures of variability or the coordination of movement may be helpful to help quantify 

lumbopelvic stability.    
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2. Is basing the recommendations for exercise therapy interventions on identification 

and targeting of physiological impairments going to optimize outcomes for 

individuals with chronic NSLBP? 

 

The treatment effects for exercise therapy in NSLBP are typically low and research has 

yet to identify optimal exercise therapies and little evidence to support any one type of 

exercise over another.  One reason for this may be because exercise therapy interventions 

are typically based upon an assumption that pain arises from the periphery of the body as a 

result of specific functional deficits and that the remedy of these deficits through exercise 

therapy is the solution.  However most exercise therapy trials report only changes in key 

clinical variables such as self-reported pain and disability and only rarely are they 

examined concurrently and in relation to improvements in underlying physiological 

parameters for which they are based.  A recent systematic review was done investigating 

the relationship between changes in physical performance and changes in clinical outcomes 

as a result of exercise therapy programs that just may cause a shift of focus and provides 

recommendations for future research (Steiger, Wirth, de Bruin & Mannion, 2012).  The 

authors conclude that ‘the findings do not support the notion that the treatment effects of 

exercise therapy in chronic NSLBP are directly attributable to changes in the 

musculoskeletal system’.  The authors go on to discuss that the biological mechanisms that 

explain the effects of exercise therapy are not yet clear but the findings suggest that they are 

more ‘centrally’ rather than ‘peripherally’ based.   Therefore rather than continue to search 

out more specific subsets and target groups for specific exercise therapies based entirely on 
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physiological impairments, perhaps a more global treatment approach is needed.  It is well 

recognized that the chronic pain experience is not only influenced by physiological injury 

but also psychological factors and the social context in which the pain occurs (Linton & 

Shaw 2011).  Therefore the optimization of the treatment of NSLBP requires the 

determination of ‘who will do best with what treatment’ and the identification of treatment 

interventions that address not only the physical impairments of the individual but rather 

considers also potential psychological and social factors.  Therefore, future studies should 

be focused on developing tools that identify important prognostic factors that will aid in the 

development of multifaceted and targeted interventions for individuals with NSLBP.   
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APPENDIX A: Sample Size Calculation 

VAS Scale: 

The sample size (N) per group required to detect the difference (δ) between 2 group means 

can be estimated by the following equation with α = 0.05 and β = 0.20. 

N = 2(Zα+Zβ)
2
σ

2 

     δ
2 

Where,  

For a one sided 5% significance level, Zα = 1.645 and for 80% power, Zβ = 0.8416 

σ is estimated by sample standard deviation = 17mm 

δ is an estimate of the minimal clinical difference between groups = 15mm 

N= 32 per group 

 

Oswestry Disability Questionnaire: 

The sample size (N) per group required to detect the difference (δ) between 2 group means 

can be estimated by the following equation with α = 0.05 and β = 0.20 

N = 2(Zα+Zβ)
2
σ

2 

     δ
2 

Where,  

For a one sided 5% significance level, Zα = 1.96 and for 80% power, Zβ = 1.28 

σ is estimated by sample standard deviation = 9 % 

δ is an estimate of the minimal clinical difference between groups = 10 % 

N= 20 per group 
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APPENDIX B: Doctor Information Letter 

 

 

 

Dear Dr.__________________________: 

We would like your assistance in determining whether your patient, 

____________________would  be a good candidate to participate in a randomized 

controlled trial for low back pain patients that we are conducting at the Running Injury 

Clinic at the University of Calgary.  

 

This six week trial aims to compare the effectiveness of two different exercise 

rehabilitation protocols for the treatment of non-specific low back pain (NSLBP).  The 

primary outcome measures are pain and disability.  However, we are also interested in the 

changes that occur in biomechanics and strength following the six week home-based 

exercise rehabilitation protocol.  

 

Patients will receive six individual rehabilitation sessions led by a Certified Athletic 

Therapist and Certified Exercise Physiologist.  To assist in the rehabilitation program, a 

rehabilitative ultrasound imaging (RUSI) unit will be used to provide muscle training 

biofeedback.  The study has been externally funded by the Worker’s Compensation Board 

of Alberta and has received ethical approval from the University of Calgary’s Health and 

Research Ethics Board.    
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_______________ has contacted us because he/she is interested in participating in the trial. 

Patients entering the trial must be screened by their family physician prior to inclusion as a 

requirement of ethics.  Thus we are hoping that you will be able to review the trial 

inclusion/exclusion criteria and make a recommendation whether this patient would be a 

suitable candidate.   

 

 

 

Thank you very much for your time and assistance. If you have further questions, please 

feel free to contact me.  We are entering the first month of recruitment for this study and we 

anticipate continuing the recruitment process into the fall of 2011.  If your clinic is 

interested helping us with our ongoing recruitment, please call or email to receive a full 

recruitment package including full study information, posters, and brochures.  

 

Sincerely, 

 

Kimber Thornton 

Research Coordinator; Running Injury Clinic 

Faculty of Kinesiology, University of Calgary 

403-220-7411 

 

Inclusion Criteria Exclusion Criteria 

□  18-65 years old 

□ Unilateral or bilateral NSLBP 

symptoms for a minimum of 6 weeks 

□ Current symptoms rated at least a 

5/10 on a scaled from 0-10  

□ Underlying pathological conditions  

□  Scoliosis 

□  Neurological impairment 

□  Discogenic pathology 

□  Pregnancy or within 1 year of giving birth 

□ Previous or ongoing complication from lower 

extremity injury or surgery 

□ Previous surgery to the lumbar spine, abdomen, 

pelvis, or hips 

□ Previous use of radiological interventions or 

injections (ie. prolotherapy, nerve blocks, 

corticosteroids) in the past 3 months 
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APPENDIX C: Visual Analogue Scale 

 

 

 

 

No pain                     Most pain  

 

On the line above, please place a vertical mark across the line, representing on average 

the intensity of your low back pain over the past week 
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APPENDIX D: Oswestry Disability Index Version 2.0 

This questionnaire is designed to give us information as to how your back affects your 

ability to manage in everyday life. Please answer every section. Mark one box only in each 

section that most closely describes you today. 

 

Section 1: Pain Intensity  

o I have no pain at the moment.  

o The pain is very mild at the moment. 

o The pain is moderate at the moment.  

o The pain is fairly severe at the moment.  

o The pain is very severe at the moment.  

o The pain is the worst imaginable at the moment. 

 

Section 2: Personal Care  

o I can look after myself normally without causing extra pain.  

o I can look after myself normally but it is very painful.  

o It is painful to look after myself and I am slow and careful.  

o I need some help but manage most of my personal care.  

o I need help every day in most aspects of self-care.  

o I do not get dressed, wash with difficulty and stay in bed.  

 

Section 3: Lifting  

o I can lift heavy weights without extra pain.   

o I can lift heavy weights but it gives extra pain.   

o Pain prevents me from lifting heavy weights off the floor but I can manage if they 

are conveniently positioned, e.g. on a table.  

o Pain prevents me from lifting heavy weights but I can manage light to medium 

weights if they are conveniently positioned.  

o I can lift only very light weights.  

o I cannot lift or carry anything at all.  
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Section 4: Walking  

o Pain does not prevent me walking any distance.  

o Pain prevents me walking more than one mile.  

o Pain prevents me walking more than a quarter of a mile.  

o Pain prevents me walking more than 100 yards.  

o I can only walk using a stick or crutches.   

o I am in bed most of the time and have to crawl to the toilet.  

 

Section 5: Sitting  

o I can sit in any chair as long as I like.  

o I can sit in my favourite chair as long as I like.  

o Pain prevents me from sitting for more than 1 hour.   

o Pain prevents me from sitting for more than half an hour.   

o Pain prevents me from sitting for more than 10 minutes.  

o Pain prevents me from sitting at all.  
 

Section 6: Standing  

o I can stand as long as I want without extra pain.  

o I can stand as long as I want but it gives me extra pain.  

o Pain prevents me from standing for more than 1 hour.  

o Pain prevents me from standing for more than half an hour.   

o Pain prevents me from standing for more than 10 minutes.  

o Pain prevents me from standing at all.  

 

Section 7: Sleeping  

o My sleep is never disturbed by pain.  

o My sleep is occasionally disturbed by pain.  

o Because of pain I have less than 6 hours sleep.  

o Because of pain I have less than 4 hours sleep. 

o  Because of pain I have less than 2 hours sleep.   

o Pain prevents me from sleeping at all.    

 

 

 

 

 

 

 



 

169 

 

Section 8: Sex Life (if applicable) 

o My sex life is normal and causes no extra pain.  

o My sex life is normal but causes some extra pain. 

o  My sex life is nearly normal but is very painful.   

o My sex life is severely restricted by pain.  

o My sex life is nearly absent because of pain.  

o Pain prevents any sex life at all.  

 

 

Section 9: Social Life  

o My social life is normal and causes me no extra pain.  

o My social life is normal but increases the degree of pain.  

o Pain has no significant effect on my social life apart from limiting my more 

energetic interests, e.g. sport, etc.  

o Pain has restricted my social life and I do not go out as often.  

o Pain has restricted social life to my home.  

o I have no social life because of pain.  

 

Section 10: Traveling 

o I can travel anywhere without pain.  

o I can travel anywhere but it gives extra pain.  

o Pain is bad but I manage journeys over two hours.  

o Pain restricts me to journeys of less than one hour.  

o Pain restricts me to short necessary journeys under 30 minutes.  

o Pain prevents me from travelling except to receive treatment.  
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APPENDIX E: Tampa Scale 

Please respond to the following questions, where: 

1=strongly disagree 

2=disagree 

3=agree 

4=strongly agree 

1. I’m afraid that I might injury myself if I exercise  

 

1  2  3  4  

2. If I were to try to overcome it, my pain would increase  

 

1  2  3  4  

3. My body is telling me I have something dangerously wrong   

 

1  2  3  4  

4. My pain would probably be relieved if I were to exercise  

 

1  2  3  4  

5. People aren’t taking my medical condition seriously enough  

 

1  2  3  4  

6. My accident has put my body at risk for the rest of my life  

 

1  2  3  4  

7. Pain always means I have injured my body  

 

1  2  3  4  

8. Just because something aggravates my pain does not mean it is dangerous   

 

1  2  3  4  

9. I am afraid that I might injure myself accidentally  

 

1  2  3  4  

10. Simply being careful that I do not make any unnecessary movements is the safest   thing 

I can do to prevent my pain from worsening  

 

1  2  3  4  

11. I wouldn’t have this much pain if there weren’t something potentially dangerous going 

on in my body  

 

1  2  3  4  

12. Although my condition is painful, I would be better off if I were physically active  

 

1  2  3  4  

13. Pain lets me know when to stop exercising so that I don’t injure myself  

 

1  2  3  4  

14. It’s really not safe for a person with a condition like mine to be physically active  

 

1  2  3  4  

15. I can’t do all the things normal people do because it’s too easy for me to get injured  

 

1  2  3  4  

16. Even though something is causing me a lot of pain, I don’t think it’s actually dangerous  

 

1  2  3  4  

17. No one should have to exercise when he/she is in pain  

 

1  2  3  4  
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APPENDIX F: Exercise Intervention Programs 

Group One: Lumbopelvic Motor Control Exercise Program 

 

                          

                                                 

 

 

 

 

Rehabilitation Program 

Treatment of Non-Specific Low Back Pain  

Patient Logbook 

Patient ID#_______________ 
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Patient Responsibilities and Requirements of Study 

 Commit to all study testing and rehabilitation sessions over the 6 week period 

o Baseline screening and data collection (approximately 2 hours) 

o Weekly rehabilitation sessions (1X week; approximately 45 minutes each) 

o Week 3 data collection (approximately 1 hour) 

o Post rehab data collection (approximately 2 hours) 
 

 Commit to completing the exercise program daily and tracking (logging) your 

progress in your patient logbook (approximately 45 minutes per day) 
 

 Bring logbook to all rehabilitation appointments 
 

 Use only heat or cold treatments for any low back pain or discomfort during the 6 

weeks while participating in the study.  Refrain from seeking other forms of treatment 

for your low back pain (i.e.: physiotherapy, massage therapy, chiropractic treatments). 

If you have any questions regarding what treatment you may utilize please contact the 

Research Coordinator.   
 

 Ensure that you DO NOT take any anti-inflammatory medications 24 hours before 

each data collection (baseline, week 3, and post rehab) 

o Medications or other forms of pain relief (i.e.: ice, heat) are allowed at all other 

times during your participation in the study 
 

 Continue with your regular habitual physical activity and  strictly adhere to the 

following guidelines: 

o Keep the overall volume of weekly physical activity constant over the 6 week 

period (Ex: same length of sessions, similar activities, no new activities besides 

the study exercise program).   

o Please refrain from resistance/weight training or boot camp/circuit class 

based exercise programs during the 6 week period. 

o Participate only in activities that do not cause an increase in low back pain 

o Track all activities in the weekly activity log provided 
 

 Discuss  exercise questions and concerns with only the practitioner that taught  you 

the exercises that you are performing for the study 

o Any questions you have pertaining to the RUSI training sessions may be 

discussed with the Investigator (Karen Kendall) 

o Any questions you have pertaining to the exercise program may be discussed 

with the Rehabilitation Specialist (Danielle Larsen) 
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Schedule of Appointments 

 
APPOINTMENT TYPE 

 

 
DATE 

 
TIME 

 
COMPLETED 

 
Baseline Data Collection 
 

 
 

  

 
Week 1 Rehabilitation 
 

 
 

  

 
Week 2 Rehabilitation 
 

 
 

  

 
Week 3 Data Collection 
 

 
 

  

 
Week 3 Rehabilitation 
 

 
 

  

 
Week 4 Rehabilitation 
 

 
 

  

 
Week 5 Rehabilitation 
 

 
 

  

 
Week 6 Rehabilitation 
 

 
 

  

 
Post Rehab Data 
Collection 
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Rehabilitation – Week 1 

Rehabilitation Session Goals: 

1. Introduce US Monitoring and Biofeedback 

2. Teach Neutral Spine position 

a. Supine position 

b. Prone position 

c. Seated Position 

3. Teach co-contraction  

a. Transverse Abdominus (TrA), Lumbar Multifidus (LM), Pelvic Floor 

4. Demonstrate Week 1 Daily Home Program 

Week 1 Daily Home Exercise Program Outline: 

1. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

2. Specific Exercise Training: 

a. Supine Co-contractions (focus TrA) 3x (10x 10 second holds) 

b. Prone Co-contractions (focus LM) 3x (10x 10 second holds) 

3. Practice co-contraction multiple times during regular daily activities – cues to 

help 
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Borg Scale Rating of Perceived Exertion 

Use this scale to rate your exertion level during the warm up sessions (The grey shaded 

area is your target intensity) 

Exertion RPE 

no exertion at all 6 

extremely light 7 

  8 

very light 9 

  10 

Light 11 

  12 

somewhat hard 13 

  14 

hard (heavy) 15 

  16 

very hard 17 

  18 

extremely hard 19 

Maximal exertion 20 
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Exercise Pictures and Instructions 

Start Finish 
Finding Neutral Position 

 

 

 
Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Tilt your pelvis anteriorly (increase the arch in your back) then tilt your 
pelvis posteriorly (flatten your back into the bed).  Find the middle point between the extreme ends 
of motion.  This is the neutral position of your lumbar spine.  This is the position from which we 
begin training.   

Supine Co-Contractions 

 

 
 
 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold for 10s 
while breathing normally. Completely release and relax your muscles between repetitions.  Repeat 
10x 
CUE that works best: 

Prone Co-Contractions 

 
 

 
 
 

Lie on your stomach with a pillow under your hips.  Find your neutral position. Take a breath in 
and then exhale slowly. At the end of the exhalation gently perform a Lumbar Multifidus muscle 
contraction and hold for 10s while breathing normally. Completely release and relax your muscles 
between repetitions.  Repeat 10x  
CUE that works best: 
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Daily Exercise Log 

Week 1 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date 
 

       

Warm up  
10 min 

 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

Please rate the warm up  
RPE score 

GOAL is to maintain a 10-12 
score  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the 
rehabilitation exercises) 

Supine TrA 
co-contractions 

3x (10x 10sec hold) 
       

Prone LM  
co-contractions 

3x (10x 10sec hold) 
       

 
Adverse Events 

Please record and describe any 
instances of  increased pain  

during the past week 
 

 

       

 
Treatment 

Please indicate on which days 
you used NSAID 

medication/ice/heat. Indicate 
type and quantity 
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Activity Log – Week 1 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 
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EX:  Patient completes the following activities during the week: Group 1 (Elliptical 

20min), Group 2 (Swimming 30min), Group 3(XC skiing 60min), the table will be filled 

out as follows: 

 Group 1 Activities Group 2 Activities Group 3 Activities 

<20 min X   

21-40 min  X  

41-60 min   X 

61-90 min    

91-120 min    

>121 min    

Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

1. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

2. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

3. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Rehabilitation – Week 2 

Rehabilitation Session Goals: 

1. US Monitoring and Biofeedback Training 

2. Teach Neutral Spine position  

a. Through small movements  

b. In four point kneeling posture 

3. Progress Co–contraction -  Focus control during small movements and 

different position 

4. Demonstration of Week 2 Daily Home Program 

 

Week 2 Daily Home Exercise Program Outline: 

1. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

2. Specific Exercise Training: 

a. Supine Bent Knee Fallout  5x 5 consecutive falls each leg 

b. Supine Leg Slides 5x 5 consecutive slides each leg 

c. Four Point Kneeling Co-contractions 10x 10sec holds 

3. Practice co-contraction multiple times during regular daily activities – cues to 

help  
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Exercise Pictures and Instructions 

Start Finish 
Supine Bent Knee Fallout 

 
 

 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, gently let right knee fall out to the side only as far as you are able to maintain 
proper technique.   Repeat 5 consecutive falls (repetitions) and then repeat on the left side (set).  
Repeat for 5 sets. Rest for 1 min between sets. 

Supine Leg Slides  

 
 

 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, gently let your right leg slide out with your heel in contact with the bed only as 
far as you are able to maintain proper technique.   Repeat 5 consecutive slides (repetitions) and 
then repeat on the left side (set).  Repeat for 5 sets. Rest for 1 min between sets. 
 

Four Point Kneeling Co-Contraction 

 
 

 
 
 

Position your hands directly under your shoulders and your knees under your hips in a 4pt 
kneeling position. Find your neutral position. Take a breath in and then exhale slowly. At the end of 
the exhalation gently perform a Transverse Abdominis muscle contraction and hold for 10s while 
breathing normally. Completely release and relax your muscles between repetitions.   Repeat 10x 
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Daily Exercise Log 

Week 2 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date 
 

       

Warm up 10 min 
 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

Please rate the warm up  
RPE score 

Your GOAL is to maintain 10-12  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the 
rehabilitation exercises) 

Supine Bent Knee Fallout 
5x 5 falls each leg 

       

Supine Leg Slides 
5x 5 slides each leg 

       

Four Point Kneeling  
Co-contractions  
10x 10sec holds 

       

 
Adverse Events 

Please record any instances of  
increased pain  during the past 

week 
 
 

 

       

 
Treatment 

Please indicate on which days 
you used NSAID 

medication/ice/heat. Indicate 
type and quantity 
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Activity Log – Week 2 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 

 Group 1 Activities Group 2 Activities Group 3 Activities 
<20 min    
21-40 min    
41-60 min    
61-90 min    
91-120 min    
>121 min    
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Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

4. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

5. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

6. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Rehabilitation – Week 3 

Rehabilitation Session Goals: 

1. US Monitoring and Biofeedback Training 

2. Progress Co–contraction -  Focus control during functional movements 

3. Demonstration of Week 3 Daily Home Program 

 

Week 3 Daily Home Exercise Program Outline: 

1. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

2. Specific Exercise Training: 

a. Four Point Kneeling co-contractions with alternate arm and leg lifts 10x 

consecutive s single arm and leg lifts (4 lifts per rep – one lift each limb)   

b. Sitting - forward inclination – Stand – return to Sitting 3x 10 

c. Supine Leg In and Outs 5x 5 each leg 

3. Practice co-contraction multiple times during regular daily activities – cues to 

help  
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Exercise Pictures and Instructions 

Start Finish 
Four Point Kneeling Co-contractions 

Alternate Arm and Leg Lift 
 

 

 

 
 

  
 

Position your hands directly under your shoulders and your knees under your hips in a 4pt 
kneeling position. Find your neutral position. Take a breath in and then exhale slowly. At the end of 
the exhalation gently perform a Transverse Abdominis muscle contraction and hold.  On an 
exhalation and maintaining neutral lumbopelvic position lift an arm out in front and hold for 2s 
and then return to start position.  Repeat sequence for each individual limb (repetition).  
Completely release and relax your muscles between repetitions Repeat sequence 10x while 
maintaining neutral position and the Transverse Abdominis muscle contraction.   

Sit to Stand to Sit 
 

   
 

 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation 
gently perform a Transverse Abdominis muscle contraction and hold. Place your hands on your 
hips.  On an exhalation, firmly root your feet directly under your knees and using your leg and 
gluteal muscles lift yourself to a standing position.  Return to a seated position focusing on 
maintaining the Transverse Abdominis muscle contraction through the entire sequence.  
Completely release and relax your muscles between repetitions. Repeat 10x 
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Start Finish 
Supine Leg In and Outs 

 

  
 

 
 
 

 
 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, gently pull your knee in towards your chest and then extend your leg only as far 
as you are able to maintain proper technique.   Repeat 5 consecutive in and outs (repetitions) and 
then repeat with the opposite leg (set). Completely release and relax your muscles between sets. 
Repeat for 5 sets. 
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Daily Exercise Log 

Week 3 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date 
 

       

Warm up 10 min 
 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

Please rate the warm up  
RPE score 

Your GOAL is to maintain 10-12  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the 
rehabilitation exercises) 

Four Point Kneeling Alternate 
Arm Leg Lifts 

10X 
       

Sit to Stand to Sit 
3x10 

       

Supine Leg In and Outs 
5x 5 each leg 

       

 
Adverse Events 

Please record any instances of  
increased pain  during the past 

week 
 

 

       

 
Treatment 

Please indicate on which days 
you used NSAID 

medication/ice/heat. Indicate 
type and quantity 
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Activity Log – Week 3 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 

 Group 1 Activities Group 2 Activities Group 3 Activities 
<20 min    
21-40 min    
41-60 min    
61-90 min    
91-120 min    
>121 min    
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Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

7. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

8. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

9. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Rehabilitation – Week 4 

Rehabilitation Session Goals: 

1. US Monitoring and Biofeedback Training 

2. Progress Stabilization Training – Loading tasks and incorporate functional 

movements 

3. Demonstration of Week 4  Daily Home Program 

 

Week 4 Daily Home Exercise Program Outline: 

1. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

2. Specific Exercise Training: 

a. Four Point Kneeling co-contractions with alternate arm and leg lifts 10x 

6 lifts  2  lifts per set – opposite arm and leg lift at same time)   

b. Fit Ball Sitting – co-contraction with controlled pelvic movements  

4 directions (anterior tilt, posterior tilt, lateral tilt R, lateral tilt L) 

Perform 5X counterclockwise, 5X clockwise  

c. Supine Leg Boxes 5x 2 consecutive box patterns each leg (one box 

pattern counter clockwise, the other clockwise) 

3. Practice co-contraction multiple times during regular daily activities – cues to 

help  
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Exercise Pictures and Instructions 

Start Finish 
Four Point Kneeling  

Arm and Leg Lifts 

 

 
 

 
Position your hands directly under your shoulders and your knees under your hips in a 4pt 
kneeling position. Find your neutral position. Take a breath in and then exhale slowly. At the end of 
the exhalation gently perform a Transverse Abdominis muscle contraction and hold.  On an 
exhalation and maintaining neutral lumbopelvic position lift an arm and opposite leg out and hold 
for 2s and then return to start position.  Repeat sequence for alternative limbs.  Completely release 
and relax your muscles between sequences. Repeat sequence 10x while maintaining neutral 
position and the Transverse Abdominis muscle contraction.   

Fit Ball Sitting 
 

 

  

 

           
 

 
Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, using your abdominal and trunk musculature perform an 
anterior pelvic tilt, a posterior pelvic tilt, then lateral pelvic tilts in each direction.  Move only as 
far as you are able to maintain a controlled Transverse Abdominis contraction.  Repeat the 4 
consecutive positions in the counter clockwise direction, return to neutral position, and then 
repeat the 4 consecutive positions in the clockwise direction (sequence). Completely release and 
relax your muscles between sequences. Repeat sequence 5x.  Feet stay in contact with the ground 
but DO NOT direct the motion of the pelvis. 
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Start Finish 
Supine Leg Boxes 

 

 
 

 

 
 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, extend your leg only as far as you are able to maintain proper technique and 
perform small boxes paying close attention to stop at each corner of the box.  Perform two box 
patterns with each leg, one in a clockwise and one in a counter clockwise pattern (sequence).  
Completely release and relax your muscles between sequences.  Repeat 5x. 
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Daily Exercise Log 

Week 4 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date 
 

       

Warm up 10 min 
 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

Please rate the warm up  
RPE score 

Your GOAL is to maintain 10-12  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the 
rehabilitation exercises) 

Four Point Kneeling Alternate 
Arm Leg Lifts 

10X 6 lifts 
       

Fit Ball Sitting 
5X counter clockwise, 5X 

clockwise 
       

Supine Leg Boxes 
5x 5 each leg 

 
       

 
Adverse Events 

Please record any instances of  
increased pain  during the past 

week 
 
 

 

       

 
Treatment 

Please indicate on which days 
you used NSAID 

medication/ice/heat. Indicate 
type and quantity 
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Activity Log – Week 4 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 

 Group 1 Activities Group 2 Activities Group 3 Activities 
<20 min    
21-40 min    
41-60 min    
61-90 min    
91-120 min    
>121 min    
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Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

10. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

11. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

12. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Rehabilitation – Week 5 

Rehabilitation Session Goals: 

1. US Monitoring and Biofeedback Training 

2. Progress Stabilization Training – Loading tasks and incorporate dynamic 

movements 

3. Demonstration of Week 5 Daily Home Program 

 

Week 5 Daily Home Exercise Program Outline: 

1. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

2. Specific Exercise Training: 

a. Fit Ball Knee Lifts– Co-contraction with alternating knee lifts 10x 5sec 

holds each leg (2 lifts per rep) 

b. Supine Hip Bridges 10x 10 sec hold 

c. Mini Front Bridge 5x 15 sec hold 

3. Practice co-contraction multiple times during regular daily activities – cues to 

help  
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Exercise Pictures and Instructions 

Start Finish 
Fit Ball Knee Lifts  

  
 

     
 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, while maintaining a neutral position and muscle 
contraction, lift your left knee up and hold for 5s. Repeat with the right knee (repetition). 
Completely release and relax your muscles between repetitions. Rest 15 seconds.  Repeat 10x.   

Supine Hip Bridges 

 
 

 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, lift your hips up off the bed and hold for 10s (repetition). Completely release and 
relax your muscles between repetitions. Rest 15 seconds. Repeat 10x. 

 
Mini Front Bridge 

 

 

 
 
 
 
 

 

 
 

Position your hands directly under your shoulders and your knees under your hips in a 4pt 
kneeling position. Find your neutral position. Place elbows where your hands were and shift 
forward onto your knees or toes into a bridge position.   Take a breath in and then exhale slowly. 
At the end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold 
maintaining neutral lumbopelvic position for 15s (repetition). Completely release and relax your 
muscles between repetitions. Rest 15s seconds.  Repeat 5x. 



 

200 

 

Daily Exercise Log 

Week 5 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date 
 

       

Warm up 10 min 
 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

Please rate the warm up  
RPE score 

Your GOAL is to maintain 10-12  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the 
rehabilitation exercises) 

Fit Ball Knee Lifts 
10X 5sec hold each leg 

 
       

Supine Hip Bridges 
10X 10 sec hold 

 
       

Mini Front Bridge 
5x 15sec hold 

 
       

 
Adverse Events 

Please record any instances of  
increased pain  during the past 

week 

       

 
Treatment 

Please indicate on which days 
you used NSAID 

medication/ice/heat. Indicate 
type and quantity 
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Activity Log – Week 5 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 

 Group 1 Activities Group 2 Activities Group 3 Activities 
<20 min    
21-40 min    
41-60 min    
61-90 min    
91-120 min    
>121 min    
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Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

13. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

14. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

15. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Rehabilitation – Week 6 

Rehabilitation Session Goals: 

4. US Monitoring and Biofeedback Training 

5. Progress Stabilization Training – Loading tasks and incorporate dynamic 

movements 

6. Demonstration of Week 6 Daily Home Program 

 

Week 6 Daily Home Exercise Program Outline: 

4. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

5. Specific Exercise Training: 

a. Fit Ball Marching– Co-contraction with alternating knee lifts 5x 10 

marches (5X each leg)  

b. Supine Hip Bridges with Leg Lift 5x 4 alternating lifts 

c. Body Weight ½ Squats 3x10  

6. Practice co-contraction multiple times during regular daily activities – cues to 

help  
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Exercise Pictures and Instructions 

Start Finish 
Fit Ball Marching  

  
 

  
 

   
Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, while maintaining a neutral position and muscle 
contraction, lift one knee up and hold for 2s. Repeat with the other side in a marching action for 10 
marches (repetition). Completely release and relax muscles between repetitions.  Rest 15 seconds.  
Repeat 5x.    

Supine Hip Bridges with Leg Lifts 

 
 

 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, lift your hips up off the bed and hold while performing 4 alternate leg raises (2 
each side) (repetition).  Completely release and relax muscles between repetitions.  Rest 15 
seconds.  Repeat 5x. 

Body Weight  ½ Squats 

 
 

 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation 
gently perform a Transverse Abdominis muscle contraction and hold. Place your hands on your 
hips.  On an exhalation, lower yourself in to a ½ squat position. Firmly rooting your feet into the 
ground and maintaining the Transverse Abdominis muscle contraction return to standing 
position.  Focus on maintaining neutral position through the entire sequence 10x (set).  Repeat 3x. 
Rest 1 min between sets. 
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Daily Exercise Log 

Week 6 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date 
 

       

Warm up 10 min 
 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

Please rate the warm up  
RPE score 

Your GOAL is to maintain 10-12  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the 
rehabilitation exercises) 

Fit Ball Marching 
5x 10 marches (5x each leg) 

 
       

Supine Hip Bridges with Leg 
Lifts 

5x 4 alternating lifts 
 

       

Body Weight ½ Squats 
3X10 

       

 
Adverse Events 

Please record any instances of  
increased pain  during the past 

week 
 
 

 

       

Treatment 
Please indicate on which days 

you used NSAID 
medication/ice/heat. Indicate 

type and quantity 
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Activity Log – Week 6 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 
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 Group 1 Activities Group 2 Activities Group 3 Activities 

<20 min    

21-40 min    

41-60 min    

61-90 min    

91-120 min    

>121 min    

 

Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

16. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

17. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

18. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Clinical/Research Coordinator Notes: 

Date: Initial 
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Running Injury Clinic Contact Information 

Running Injury Clinic 

Director: Dr. Reed Ferber 

Faculty of Kinesiology, University of Calgary 

Room KNB135, 2500 University Dr. NW 

Calgary, AB T2N 1N4 

Tel: (403) 220-5193 

Fax: (403) 220-0546 

www.runninginjuryclinic.com 

Study Investigator: Karen D.  Kendall 

PhD Candidate, CAT (C), CSEP-CEP, CSCS 

Tel: (403) 210-7091 

Email: kdkendal@ucalgary.ca 

Research Coordinator:  Kimber Thornton 

BKin, CAT(C) 

Tel: (403) 220-7411 

Email: kgsthorn@ucalgary.ca 

Rehabilitation Specialist:  Emma Skolnik 

MKin, CSEP-CEP 

Email: e.skolnik@ucalgary.ca 

 

http://www.runninginjuryclinic.com/
mailto:kdkendal@ucalgary.ca
mailto:kgsthorn@ucalgary.ca
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Group Two: Combined Lumbopelvic Motor Control Exercise and Hip Strengthening 

Exercise Program 

                       

                                               

 

 

 

 

Rehabilitation Program 

Treatment of Non-Specific Low Back Pain  

Patient Logbook 

Patient ID#_______________ 
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Patient Responsibilities and Requirements of Study 

 Commit to all study testing and rehabilitation sessions over the 6 week period 

o Baseline screening and data collection (approximately 2 hours) 

o Weekly rehabilitation sessions (1X week; approximately 45 minutes each) 

o Week 3 data collection (approximately 1 hour) 

o Post rehab data collection (approximately 2 hours) 
 

 Commit to completing the exercise program daily and tracking (logging) your 

progress in your patient logbook (approximately 45 minutes per day) 
 

 Bring logbook to all rehabilitation appointments 
 

 Use only heat or cold treatments for any low back pain or discomfort during the 6 

weeks while participating in the study.  Refrain from seeking other forms of treatment 

for your low back pain (i.e.: physiotherapy, massage therapy, chiropractic treatments). 

If you have any questions regarding what treatment you may utilize please contact the 

Research Coordinator.   
 

 Ensure that you DO NOT take any anti-inflammatory medications 24 hours before 

each data collection (baseline, week 3, and post rehab) 

o Medications or other forms of pain relief (i.e.: ice, heat) are allowed at all other 

times during your participation in the study 
 

 Continue with your regular habitual physical activity and  strictly adhere to the 

following guidelines: 

o Keep the overall volume of weekly physical activity constant over the 6 week 

period (Ex: same length of sessions, similar activities, no new activities besides 

the study exercise program).   

o Please refrain from resistance/weight training or boot camp/circuit class 

based exercise programs during the 6 week period. 

o Participate only in activities that do not cause an increase in low back pain 

o Track all activities in the weekly activity log provided 
 

 Discuss  exercise questions and concerns with only the practitioner that taught  you 

the exercises that you are performing for the study 

o Any questions you have pertaining to the RUSI training sessions may be 

discussed with the Investigator (Karen Kendall) 

o Any questions you have pertaining to the exercise program may be discussed 

with the Rehabilitation Specialist  
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Schedule of Appointments 

 
APPOINTMENT TYPE 

 

 
DATE 

 
TIME 

 
COMPLETED 

 
Baseline Data Collection 
 

 
 

  

 
Week 1 Rehabilitation 
 

 
 

  

 
Week 2 Rehabilitation 
 

 
 

  

 
Week 3 Data Collection 
 

 
 

  

 
Week 3 Rehabilitation 
 

 
 

  

 
Week 4 Rehabilitation 
 

 
 

  

 
Week 5 Rehabilitation 
 

 
 

  

 
Week 6 Rehabilitation 
 

 
 

  

 
Post Rehab Data 
Collection 
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Rehabilitation – Week 1 

Rehabilitation Session Goals: 

5. Introduce Ultrasound (US) Monitoring and Biofeedback 

6. Teach Neutral Spine position 

a. Supine position 

b. Prone position 

c. Seated position 

7. Teach co-contraction  

a. Transverse Abdominus (TrA), Lumbar Multifidus (LM), Pelvic Floor 

8. Demonstrate Week 1 Daily Home Program 

Week 1 Daily Home Exercise Program Outline: 

4. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

5. Specific Exercise Training: 

a. Supine Co-contractions (focus TrA) 3x (10x 10 second holds) 

b. Prone Co-contractions (focus LM) 3x (10x 10 second holds) 

c. Seated Hip Internal Rotation 3x10 repetitions 

d. Seated Hip External Rotation 3x10 repetitions 

6. Practice co-contraction multiple times during regular daily activities – cues to 

help 
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Borg Scale Rating of Perceived Exertion 

Use this scale to rate your exertion level during the warm up sessions (The grey shaded area is your target 

intensity) 

Exertion RPE 

no exertion at all 6 

extremely light 7 

  8 

very light 9 

  10 

Light 11 

  12 

somewhat hard 13 

  14 

hard (heavy) 15 

  16 

very hard 17 

  18 

extremely hard 19 

Maximal exertion 20 
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Exercise Pictures and Instructions 

Start Finish 
Finding Neutral Position 

 

 
 

 

 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Tilt your pelvis anteriorly (increase the arch in your back) then tilt your 
pelvis posteriorly (flatten your back into the bed).  Find the middle point between the extreme ends 
of motion.  This is the neutral position of your lumbar spine.  This is the position from which we 
begin training.   

Supine Co-Contractions 
 

 

 
 
 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold for 10s 
while breathing normally. Completely release and relax your muscles between repetitions.  Repeat 
10x 

CUE that works best: 
Prone Co-Contractions 

 

 
 

 
 

Lie on your stomach with a pillow under your hips.  Find your neutral position. Take a breath in 
and then exhale slowly. At the end of the exhalation gently perform a Lumbar Multifidus muscle 
contraction and hold for 10s while breathing normally. Completely release and relax your muscles 
between repetitions.  Repeat 10x  

CUE that works best: 
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Start Finish 
Seated Hip External Rotation 

 

 
 

 
 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale, pull the band away from its attachment contracting the hip rotator muscles.  With 
an inhale, control the band back to the starting position.  Repeat this exercise 10x (repetitions) 
with each leg.  Repeat for 2 more sets of 10 repetitions. Rest for 1 min between sets.   

Seated Hip Internal Rotation 
 

 
 

 
 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale, pull the band away from its attachment contracting the hip rotator muscles.  With 
an inhale, control the band back to the starting position.  Repeat this exercise 10x (repetitions) 
with each leg.  Repeat for 2 more sets of 10 repetitions. Rest for 1 min between sets.   
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Daily Exercise Log 

Week 1 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date 
 

       

Warm up  
10 min 

 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

Please rate the warm up  
RPE score 

GOAL is to maintain a 10-12 
score  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the 
rehabilitation exercises) 

Supine TrA 
co-contractions 

3x (10x 10sec hold) 
       

Prone LM  
co-contractions 

3x (10x 10sec hold) 
       

Seated Hip Internal Rotation 
3x 10 repetitions 

 

Band: Band: Band: Band: Band: Band: Band: 

Seated Hip External Rotation 
3x 10 repetitions 

 

Band: Band: Band: Band: Band: Band: Band: 

Adverse Events 
Please record and describe any 

instances of  increased pain  
during the past week 

       

Treatment 
Please indicate on which days 

you used NSAID 
medication/ice/heat. Indicate 

type and quantity 
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Activity Log – Week 1 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 
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EX:  Patient completes the following activities during the week: Group 1 (Elliptical 

20min), Group 2 (Swimming 30min), Group 3(XC skiing 60min), the table will be filled 

out as follows: 

 Group 1 Activities Group 2 Activities Group 3 Activities 
<20 min X   
21-40 min  X  
41-60 min   X 
61-90 min    
91-120 min    
>121 min    
 

Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

19. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

20. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

21. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Rehabilitation – Week 2 

Rehabilitation Session Goals: 

5. US Monitoring and Biofeedback Training 

6. Teach Neutral Spine position  

a. Through small movements  

b. In four point kneeling posture 

c. In standing position 

7. Progress Co–contraction -  Focus control during small movements and 

different positions 

8. Demonstration of Week 2 Daily Home Program 

 

Week 2 Daily Home Exercise Program Outline: 

4. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

5. Specific Exercise Training: 

a. Supine Bent Knee Fallout  5x 5 consecutive falls each leg 

b. Supine Leg Slides 5x 5 consecutive slides each leg 

c. Four Point Kneeling Co-contractions 10x 10sec holds 

d. Seated Hip Internal Rotation 3x10 repetitions 

e. Seated Hip External Rotation 3x10 repetitions 

f. Standing Hip Hikes 3x5 repetitions 

6. Practice co-contraction multiple times during regular daily activities – cues to 

help  
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Exercise Pictures and Instructions 

Start Finish 
Supine Bent Knee Fallout 

 
 

 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, gently let right knee fall out to the side only as far as you are able to maintain 
proper technique.   Repeat 5 consecutive falls (repetitions) and then repeat on the left side (set).  
Repeat for 5 sets. Rest for 1 min between sets. 

Supine Leg Slides  

 
 

 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, gently let your right leg slide out with your heel in contact with the bed only as 
far as you are able to maintain proper technique.   Repeat 5 consecutive slides (repetitions) and 
then repeat on the left side (set).  Repeat for 5 sets. Rest for 1 min between sets. 

Four Point Kneeling Co-Contraction 

 
 

 
 
 

Position your hands directly under your shoulders and your knees under your hips in a 4pt 
kneeling position. Find your neutral position. Take a breath in and then exhale slowly. At the end of 
the exhalation gently perform a Transverse Abdominis muscle contraction and hold for 10s while 
breathing normally. Completely release and relax your muscles between repetitions.   Repeat 10x 
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Start Finish 
Seated Hip External Rotation 

 

 

 
 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale pull the band away from its attachment contracting the hip rotator muscles.  With 
an inhale, control the band back to the starting position.  Repeat this exercise 10x (repetitions) 
with each leg. Repeat for 2 more sets of 10 repetitions. Rest for 1 min between sets.   

Seated Hip Internal Rotation 

 
 

 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale pull the band away from its attachment contracting the hip rotator muscles.  With 
an inhale, control the band back to the starting position.  Repeat this exercise 10x (repetitions) 
with each leg.  Repeat for 2 more sets of 10 repetitions. Rest for 1 min between sets.   

Standing Hip Hikes 

  
                 START(Neutral)              DROP 

 

 
HIKE 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an inhale drop your hip/pelvis down out of neutral position.  On an exhale, contract the 
lateral hip muscles on the standing leg (not your back muscles) to hike the hip/pelvis past the 
neutral position.  On an inhale return the hip/pelvis to your neutral position.  Maintain a 
Transverse Abdominis contraction during the exercise.  Repeat this exercise 5x (repetitions) on 
each leg.  Repeat for 2 more sets of 5 repetitions. Rest for 1 min between sets.   



 

224 

 

Daily Exercise Log 

Week 2 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date 
 

       

Warm up 10 min 
 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

 Activity: 
 
Time: 

Please rate the warm up  
RPE score 

Your GOAL is to maintain 10-12  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the 
rehabilitation exercises) 

Supine Bent Knee Fallout 
5x 5 falls each leg 

       

Supine Leg Slides 
5x 5 slides each leg 

       

Four Point Kneeling  
Co-contractions  
10x 10sec holds 

       

Seated Hip Internal Rotation 
3x10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Seated Hip External Rotation 
3x10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip Hikes 
3x 5 repetitions 

       

Adverse Events 
Please record any instances of  
increased pain  during the past 

week 

       

Treatment 
Please indicate on which days 

you used NSAID 
medication/ice/heat. Indicate 

type and quantity 
 

  
 
 

    



 

225 

 

Activity Log – Week 2 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 

 Group 1 Activities Group 2 Activities Group 3 Activities 
<20 min    
21-40 min    
41-60 min    
61-90 min    
91-120 min    
>121 min    
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Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

22. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

23. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

24. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Rehabilitation – Week 3 

Rehabilitation Session Goals: 

4. US Monitoring and Biofeedback Training 

5. Progress Co–contraction -  Focus control during functional movements 

6. Demonstration of Week 3 Daily Home Program 

 

Week 3 Daily Home Exercise Program Outline: 

4. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

5. Specific Exercise Training: 

a. Four Point Kneeling co-contractions with alternate arm and leg lifts 10x 

consecutive single arm and leg lifts (4 lifts per rep – one lift each limb)   

b. Sitting - forward inclination – Stand – return to Sitting 3x 10 

c. Supine Leg In and Outs 5x 5 each leg 

d. Seated Hip Internal Rotation 3x10 repetitions 

e. Seated Hip External Rotation 3x10 repetitions 

f. Standing Hip Hikes 3x 8 repetitions 

g. Standing Hip Extension to 0° 3x10 repetitions 

6. Practice co-contraction multiple times during regular daily activities – cues to 

help  
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Exercise Pictures and Instructions 

Start Finish 
Four Point Kneeling Co-contractions 

Alternate Arm and Leg Lift 
 

 
 

 

 
 

  
 

Position your hands directly under your shoulders and your knees under your hips in a 4pt 
kneeling position. Find your neutral position. Take a breath in and then exhale slowly. At the end of 
the exhalation gently perform a Transverse Abdominis muscle contraction and hold.  On an 
exhalation and maintaining neutral lumbopelvic position lift an arm out in front and hold for 2s 
and then return to start position.  Repeat sequence for each individual limb (repetition).  
Completely release and relax your muscles between repetitions Repeat sequence 10x while 
maintaining neutral position and the Transverse Abdominis muscle contraction.   

Sit to Stand to Sit 
 

   
 

 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation 
gently perform a Transverse Abdominis muscle contraction and hold. Place your hands on your 
hips.  On an exhalation, firmly root your feet directly under your knees and using your leg and 
gluteal muscles lift yourself to a standing position.  Return to a seated position focusing on 
maintaining the Transverse Abdominis muscle contraction through the entire sequence.  
Completely release and relax your muscles between repetitions. Repeat 10x 
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Start Finish 
Supine Leg In and Outs 

 

  
 

 
 

 
 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, gently pull your knee in towards your chest and then extend your leg only as far 
as you are able to maintain proper technique.   Repeat 5 consecutive in and outs (repetitions) and 
then repeat with the opposite leg (set). Completely release and relax your muscles between sets. 
Repeat for 5 sets. 

Start Finish 

Seated Hip External Rotation 

 

 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 

gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  

With an exhale pull the band away from its attachment contracting the hip rotator muscles.  With 

an inhale, control the band back to the starting position.  Repeat this exercise 10x (repetitions) 

with each leg.  Repeat for 2 more sets of 10 repetitions. Rest for 1 min between sets.   
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Start Finish 
Seated Hip Internal Rotation 

 

 

 
Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale pull the band away from its attachment contracting the hip rotator muscles.  With 
an inhale, control the band back to the starting position.  Repeat this exercise 10x (repetitions) 
with each leg.  Repeat for 2 more sets of 10 repetitions. Rest for 1 min between sets.   

Standing Hip Hikes 

                
START(Neutral)              DROP 

 

 
HIKE 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an inhale drop your hip/pelvis down out of neutral position.  On an exhale, contract the 
lateral hip muscles on the standing leg (not your back muscles) to hike the hip/pelvis past the 
neutral position.  On an inhale return the hip/pelvis to your neutral position.  Maintain a 
Transverse Abdominis contraction during the exercise.  Repeat this exercise 5x (repetitions) on 
each leg and then repeat for 2 more sets of 5 repetitions. Rest for 1 min between sets.   

Standing Hip Extension to 0° 
 

 
 

 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale pull the band away from its attachment contracting the hip extensor and gluteal 
muscles until your heels are inline (0°).  With an inhale, control the band back to the starting 
position.  Repeat this exercise 10x (repetitions) on each leg (set).  Repeat for 2 more sets of 10 
repetitions. Rest for 1 min between sets.   
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Daily Exercise Log 

Week 3 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date        
Warm up 10 min  Activity: 

Time: 
 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

Please rate the warm up  
RPE score 

Your GOAL is to maintain 10-12  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the rehabilitation 
exercises) 

Four Point Kneeling Alternate 
Arm Leg Lifts 

10X 
       

Sit to Stand to Sit 
3x10 

       

Supine Leg In and Outs 
5x 5 each leg 

       

Seated Hip Internal Rotation 
3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Seated Hip External Rotation 
3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip Hikes 
3x 8 repetitions 

       

Standing Hip Extension to 0° 
3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Adverse Events 
Please record any instances of  
increased pain  during the past 

week 

       

Treatment 
Please indicate on which days 

you used NSAID 
medication/ice/heat. Indicate 

type and quantity 
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Activity Log – Week 3 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 

 Group 1 Activities Group 2 Activities Group 3 Activities 
<20 min    
21-40 min    
41-60 min    
61-90 min    
91-120 min    
>121 min    
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Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

25. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

26. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

27. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Rehabilitation – Week 4 

Rehabilitation Session Goals: 

4. US Monitoring and Biofeedback Training 

5. Progress Stabilization Training – Loading tasks and incorporate functional 

movements 

6. Demonstration of Week 4 Daily Home Program 

 

Week 4 Daily Home Exercise Program Outline: 

4. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

5. Specific Exercise Training: 

a. Four Point Kneeling co-contractions with alternate arm and leg lifts 10x 

2 lifts per set – opposite arm and leg lift at same time)   

b. Fit Ball Sitting – co-contraction with controlled pelvic movements  

4 directions (anterior tilt, posterior tilt, lateral tilt R, lateral tilt L) 

Perform 5X counterclockwise, 5X clockwise 

c. Supine Leg Boxes 5x 2 consecutive box patterns each leg (one box 

pattern counter clockwise, the other clockwise) 

d. Standing Hip Internal Rotation 3x 10 repetitions 

e. Standing Hip External Rotation 3x 10 repetitions 

f. Standing Hip Abduction at 0° 3x 10 repetitions 

g. Standing Hip Extension to 0° 3x 10 repetitions 

6. Practice co-contraction multiple times during regular daily activities – cues to 

help  
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Exercise Pictures and Instructions 

Start Finish 
Four Point Kneeling  

Arm and Leg Lifts 

 
 

 
 

 

Position your hands directly under your shoulders and your knees under your hips in a 4pt 
kneeling position. Find your neutral position. Take a breath in and then exhale slowly. At the end of 
the exhalation gently perform a Transverse Abdominis muscle contraction and hold.  On an 
exhalation and maintaining neutral lumbopelvic position lift an arm and opposite leg out and hold 
for 2s and then return to start position.  Repeat sequence for alternative limbs.  Completely release 
and relax your muscles between sequences. Repeat sequence 10x while maintaining neutral 
position and the Transverse Abdominis muscle contraction.   

Fit Ball Sitting 
 

 
 

  
 

 

           
 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, using your abdominal and trunk musculature perform an 
anterior pelvic tilt, a posterior pelvic tilt, then lateral pelvic tilts in each direction.  Move only as 
far as you are able to maintain a controlled Transverse Abdominis contraction.  Repeat the 4 
consecutive positions in the counter clockwise direction, return to neutral position, and then 
repeat the 4 consecutive positions in the clockwise direction (sequence). Completely release and 
relax your muscles between sequences. Repeat sequence 5x.  Feet stay in contact with the ground 
but DO NOT direct the motion of the pelvis. 
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Start Finish 
Supine Leg Boxes 

 

 

 

 
Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, extend your leg only as far as you are able to maintain proper technique and 
perform small boxes paying close attention to stop at each corner of the box.  Perform two box 
patterns with each leg, one in a clockwise and one in a counter clockwise pattern (sequence).  
Completely release and relax your muscles between sequences.  Repeat 5x.  

Start Finish 
Standing Hip Internal Rotation 

  
Subject’s left limb is the working limb in this 

picture 
 

 

 
Subject’s  left limb is the working limb in this 

picture 
 

Tie the band at waist height and wrap the band around the front of your hips holding the end of 
the band with your hand. You should be facing away from the attachment site of the band.  Find 
your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, gently 
perform a Transverse Abdominis muscle contraction and hold while breathing normally.  With an 
inhale rotate on your left hip back towards the attachment (start position).  With an exhale rotate 
using the hip rotators of your standing leg to pull the band away from its attachment to the finish 
position.  With an inhale, control the band back to the starting position.  Repeat this exercise 10x 
(repetitions) on each leg (set).  Repeat for 2 more sets of 10 repetitions. Rest for 1 min between 
sets.   
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Start Finish 
Standing Hip External Rotation 

 

  
Subject’s left limb is the working limb in this 

picture 
 

 
 

 
Subject’s left limb is the working limb in this 

picture 

Tie the band at waist height and wrap the band around the back of your hips holding the end of 
the band with your hand. You should be facing towards the attachment site of the band.  Find your 
neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, gently 
perform a Transverse Abdominis muscle contraction and hold while breathing normally.  With an 
exhale rotate using the hip rotators of your standing leg to pull the band away from its attachment 
to the finish position.  With an inhale, control the band back to the starting position.  Repeat this 
exercise 10x (repetitions) on each leg (set). Repeat for 2 more sets of 10 repetitions. Rest for 1 min 
between sets.   

Standing Hip Abduction at 0° 

 
 

 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale pull the band away from its attachment contracting the hip abductor muscles.  
With an inhale, control the band back to the starting position.  Repeat this exercise 10x 
(repetitions) on each leg (set).  Repeat for 2 more sets of 10 repetitions. Rest for 1 min between 
sets.   

Standing Hip Extension to 0° 
 

 
 

 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale pull the band away from its attachment contracting the hip extensor and gluteal 
muscles until your heels are inline (0°).  With an inhale, control the band back to the starting 
position.  Repeat this exercise 10x (repetitions) on each leg (set).  Repeat for 2 more sets of 10 
repetitions. Rest for 1 min between sets.   



 

238 

 

Daily Exercise Log 

Week 4 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date        
Warm up 10 min 

 
 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

Please rate the warm up  
RPE score 

Your GOAL is to maintain 10-12  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the rehabilitation exercises) 
Four Point Kneeling Alternate 

Arm Leg Lifts 
10X 6 lifts 

       

Fit Ball Sitting 
10X 

       

Supine Leg Boxes 
5x 5 each leg 

       

Standing Hip Internal 
Rotation 

3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip External 
Rotation 

3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip Abduction at 0° 
3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip Extension to 0° 
3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Adverse Events 
Please record any instances of  
increased pain  during the past 

week 

       

Treatment 
Please indicate on which days 

you used NSAID 
medication/ice/heat. Indicate 

type and quantity 
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Activity Log – Week 4 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 

 Group 1 Activities Group 2 Activities Group 3 Activities 
<20 min    
21-40 min    
41-60 min    
61-90 min    
91-120 min    
>121 min    
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Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

28. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

29. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

30. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Rehabilitation – Week 5 

Rehabilitation Session Goals: 

7. US Monitoring and Biofeedback Training 

8. Progress Stabilization Training – Loading tasks and incorporate dynamic 

movements 

9. Demonstration of Week 5 Daily Home Program 

 

Week 5 Daily Home Exercise Program Outline: 

7. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

8. Specific Exercise Training: 

a. Fit Ball Knee Lifts– Co-contraction with alternating knee lifts 10x 5sec 

holds each leg (2 lifts per rep) 

b. Supine Hip Bridges 10x 10 sec hold 

c. Mini Front Bridge 5x 15 sec hold 

d. Standing Hip Internal Rotation 3x 10 repetitions 

e. Standing Hip External Rotation 3x 10 repetitions 

f. Standing Hip Abduction at 45° 3x 10 repetitions 

g. Standing Hip Extension to 15° 3x 10 repetitions 

9. Practice co-contraction multiple times during regular daily activities – cues to 

help  
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Exercise Pictures and Instructions 

Start Finish 
Fit Ball Knee Lifts  

  
 

     
 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, while maintaining a neutral position and muscle 
contraction, lift your left knee up and hold for 5s. Repeat with the right knee (repetition). 
Completely release and relax your muscles between repetitions. Rest 15 seconds.  Repeat 10x.   

Supine Hip Bridges 
 

 
 

 
 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, lift your hips up off the bed and hold for 10s (repetition). Completely release and 
relax your muscles between repetitions. Rest 15 seconds. Repeat 10x. 

Mini Front Bridge 
 

 

 

 

 
 

Position your hands directly under your shoulders and your knees under your hips in a 4pt 
kneeling position. Find your neutral position. Place elbows where your hands were and shift 
forward onto your knees or toes into a bridge position.   Take a breath in and then exhale slowly. 
At the end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold 
maintaining neutral lumbopelvic position for 15s (repetition). Completely release and relax your 
muscles between repetitions. Rest 15s seconds.  Repeat 5x. 
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Start Finish 
Standing Hip Internal Rotation 

  
Subject’s left limb is the working limb in this 

picture 
 

 

 
Subject’s  left limb is the working limb in this 

picture 
 

Tie the band at waist height and wrap the band around the front of your hips holding the end of 
the band with your hand. You should be facing away from the attachment site of the band.  Find 
your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, gently 
perform a Transverse Abdominis muscle contraction and hold while breathing normally.  With an 
inhale rotate on your left hip back towards the attachment (start position).  With an exhale rotate 
using the hip rotators of your standing leg to pull the band away from its attachment to the finish 
position.  With an inhale, control the band back to the starting position.  Repeat this exercise 10x 
(repetitions) on each leg (set).  Repeat for 2 more sets of 10 repetitions. Rest for 1 min between 
sets.   

Standing Hip External Rotation 
 

  
Subject’s left limb is the working limb in this 

picture 
 

 

 
Subject’s left limb is the working limb in this 

picture 

Tie the band at waist height and wrap the band around the back of your hips holding the end of 
the band with your hand. You should be facing towards the attachment site of the band.  Find your 
neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, gently 
perform a Transverse Abdominis muscle contraction and hold while breathing normally.  With an 
exhale rotate using the hip rotators of your standing leg to pull the band away from its attachment 
to the finish position.  With an inhale, control the band back to the starting position.  Repeat this 
exercise 10x (repetitions) on each leg (set). Repeat for 2 more sets of 10 repetitions. Rest for 1 min 
between sets.   
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Start Finish 
Standing Hip Abduction at 45° 

 

 
 

 
 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale pull the band away from its attachment at a 45° angle and contracting the hip 
abductor muscles.  With an inhale, control the band back to the starting position.  Repeat this 
exercise 10x (repetitions) with each leg.  Repeat for 2 more sets of 10 repetitions. Rest for 1 min 
between sets.   

Standing Hip Extension to15° 
 

 
 

 
 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale pull the band away from its attachment to a position of 15° of extension by 
contracting the hip extensor and gluteal muscles.  With an inhale, control the band back to the 
starting position.  Repeat this exercise 10x (repetitions) with each leg.  Repeat for 2 more sets of 10 
repetitions. Rest for 1 min between sets.   
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Daily Exercise Log 

Week 5 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date        
Warm up 10 min 

 
 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

Please rate the warm up  
RPE score 

Your GOAL is to maintain 10-12  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the rehabilitation 
exercises) 

Fit Ball Knee Lifts 
10X 5sec hold each leg 

       

Supine Hip Bridges 
10X 10 sec hold 

       

Mini Front Bridge 
5x 15sec hold 

       

Standing Hip Internal 
Rotation 

3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip External 
Rotation 

3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip Abduction at 45° 
3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip Extension to 15° 
3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Adverse Events 
Please record any instances of  
increased pain  during the past 

week 

       

Treatment 
Please indicate on which days 

you used NSAID 
medication/ice/heat. Indicate 

type and quantity 
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Activity Log – Week 5 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 

 Group 1 Activities Group 2 Activities Group 3 Activities 
<20 min    
21-40 min    
41-60 min    
61-90 min    
91-120 min    
>121 min    
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Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

31. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

32. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

33. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Rehabilitation – Week 6 

Rehabilitation Session Goals: 

10. US Monitoring and Biofeedback Training 

11. Progress Stabilization Training – Loading tasks and incorporate dynamic 

movements 

12. Demonstration of Week 6 Daily Home Program 

 

Week 6 Daily Home Exercise Program Outline: 

10. Cardiovascular Warm up 

a. 10 minutes walking (Borg Scale RPE = 10-12) 

11. Specific Exercise Training: 

a. Fit Ball Marching– Co-contraction with alternating knee lifts 5x 10 

marches (5X each leg)  

b. Supine Hip Bridges with Leg Lift 5x 4 alternating lifts 

c. Body Weight ½ Squats 3x10  

d. Standing Hip Internal Rotation 3x 10 repetitions 

e. Standing Hip External Rotation 3x 10 repetitions 

f. Standing Hip Abduction at 45° 3x 10 repetitions 

g. Standing Hip Extension to 15° 3x 10 repetitions 

12. Practice co-contraction multiple times during regular daily activities – cues to 

help  
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Exercise Pictures and Instructions 

Start Finish 
Fit Ball Marching  

  
 

  
 

   
Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, while maintaining a neutral position and muscle 
contraction, lift one knee up and hold for 2s. Repeat with the other side in a marching action for 10 
marches (repetition). Completely release and relax muscles between repetitions.  Rest 15 seconds.  
Repeat 5x.    

Supine Hip Bridges with Leg Lifts 

 
 

 

 

Place fingers on top of your hip bones. Press firmly in towards your belly button to feel the tissue of 
the lower abdominals. Find your neutral position. Take a breath in and then exhale slowly. At the 
end of the exhalation gently perform a Transverse Abdominis muscle contraction and hold while 
breathing normally. On an exhalation, and keeping your neutral lumbopelvic position and muscle 
contraction held, lift your hips up off the bed and hold while performing 4 alternate leg raises (2 
each side) (repetition).  Completely release and relax muscles between repetitions.  Rest 15 
seconds.  Repeat 5x. 

Body Weight  ½ Squats 

 
 

 

 
 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation 
gently perform a Transverse Abdominis muscle contraction and hold. Place your hands on your 
hips.  On an exhalation, lower yourself in to a ½ squat position. Firmly rooting your feet into the 
ground and maintaining the Transverse Abdominis muscle contraction return to standing 
position.  Focus on maintaining neutral position through the entire sequence 10x (set).  Repeat 3x. 
Rest 1 min between sets. 
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Start Finish 
Standing Hip Internal Rotation 

  
Subject’s left limb is the working limb in this 

picture 
 

 

 
Subject’s  left limb is the working limb in this 

picture 
 

Tie the band at waist height and wrap the band around the front of your hips holding the end of 
the band with your hand. You should be facing away from the attachment site of the band.  Find 
your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, gently 
perform a Transverse Abdominis muscle contraction and hold while breathing normally.  With an 
inhale rotate on your left hip back towards the attachment (start position).  With an exhale rotate 
using the hip rotators of your standing leg to pull the band away from its attachment to the finish 
position.  With an inhale, control the band back to the starting position.  Repeat this exercise 10x 
(repetitions) on each leg (set).  Repeat for 2 more sets of 10 repetitions. Rest for 1 min between 
sets.   

 
Standing Hip External Rotation 

 

  
Subject’s left limb is the working limb in this 

picture 
 

 
 

 
Subject’s left limb is the working limb in this 

picture 

Tie the band at waist height and wrap the band around the back of your hips holding the end of 
the band with your hand. You should be facing towards the attachment site of the band.  Find your 
neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, gently 
perform a Transverse Abdominis muscle contraction and hold while breathing normally.  With an 
exhale rotate using the hip rotators of your standing leg to pull the band away from its attachment 
to the finish position.  With an inhale, control the band back to the starting position.  Repeat this 
exercise 10x (repetitions) on each leg (set). Repeat for 2 more sets of 10 repetitions. Rest for 1 min 
between sets.   
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Start Finish 
Standing Hip Abduction at 45° 

 

 
 

 
 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale pull the band away from its attachment at a 45° angle and contracting the hip 
abductor muscles.  With an inhale, control the band back to the starting position.  Repeat this 
exercise 10x (repetitions) with each leg.  Repeat for 2 more sets of 10 repetitions. Rest for 1 min 
between sets.   

Standing Hip Extension to15° 
 

 
 

 
 

 

Find your neutral position. Take a breath in and then exhale slowly. At the end of the exhalation, 
gently perform a Transverse Abdominis muscle contraction and hold while breathing normally.  
With an exhale pull the band away from its attachment to a position of 15° of extension by 
contracting the hip extensor and gluteal muscles.  With an inhale, control the band back to the 
starting position.  Repeat this exercise 10x (repetitions) with each leg.  Repeat for 2 more sets of 10 
repetitions. Rest for 1 min between sets.   
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Daily Exercise Log 

Week 6 Day 1       Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Date        
Warm up 10 min 

 
 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

 Activity: 
Time: 

Please rate the warm up  
RPE score 

Your GOAL is to maintain 10-12  

RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: RPE Score: 

              Exercises                           (Please place a check mark in the box to indicate that you have completed the rehabilitation exercises) 

Fit Ball Marching 
5x 10 marches (5x each leg) 

       

Supine Hip Bridges with Leg 
Lifts 

5x 4 alternating lifts 
       

Body Weight ½ Squats 
3X10 

       

Standing Hip Internal 
Rotation 

3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip External 
Rotation 

3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip Abduction at 45° 
3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Standing Hip Extension to 15° 
3x 10 repetitions 

Band: Band: Band: Band: Band: Band: Band: 

Adverse Events 
Please record any instances of  
increased pain  during the past 

week 

       

Treatment 
Please indicate on which days 

you used NSAID 
medication/ice/heat. Indicate 

type and quantity 
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Activity Log – Week 6 

Please keep a log of all exercise activity in order to monitor your exercise behavior this 

week.  In general, activities can be placed into three categories: Group 1, 2, 3 activities. 

The following list provides examples of some of the activities that fit into each category: 

Group 1 Group 2 Group 3 

Walking(indoors) 

Jogging/Running(indoors) 

Elliptical(indoors) 

Cycling (indoors) 

Stair climbing 

Jogging/Running(outdoors) 

Cycling(outdoors) 

Hiking 

Aerobics 

In-line skating 

Swimming 

Skipping 

Alpine Skiing 

Basketball 

Dancing 

Volleyball 

Touch Football 

Soccer 

Hockey 

Racquet sports  

XC skiing/snowshoeing 

 

In the table at the bottom of the page, please log ALL exercise that is over and above 

the exercise prescribed as part of your rehabilitation plan.  For example, do not include 

the walking that is required as the warm up component of your program.   

During the last week only, how many minutes per week did you participate in exercise 

that  was not part of your prescribed requirements of the study? Please indicate for each 

group of activities the cumulative (total number) minutes per week you participated in 

each type of activity. 
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 Group 1 Activities Group 2 Activities Group 3 Activities 
<20 min    
21-40 min    
41-60 min    
61-90 min    
91-120 min    
>121 min    
 

Godin Leisure-Time Exercise Questionnaire 

During the past week, how many times did you participate in the following 

kinds of exercise for MORE THAN 15 min during your free time? 

34. Strenuous Exercise (heart beats rapidly)  No of times per week___________ 
(Running, hockey, football, soccer, basketball, XC skiing, snowshoeing) 

35. Moderate Exercise (not exhausting)  No of times per week___________ 
(fitness walking, cycling, swimming, alpine skiing) 

36. Mild Exercise (minimal effort)   No of times per 
week___________ 
(yoga, easy walking, snow-mobiling) 

During the last week, in your leisure time, how often did you engage in any 

activity long enough to work up a sweat (heart beats rapidly)?  Circle one 

answer 

1. Often  2. Sometimes  3. Rarely/Never 
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Clinical/Research Coordinator Notes: 

Date: Initial 
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Running Injury Clinic Contact Information 

Running Injury Clinic 

Director: Dr. Reed Ferber 

Faculty of Kinesiology, University of Calgary 

Room KNB135, 2500 University Dr. NW 

Calgary, AB T2N 1N4 

Tel: (403) 220-5193 

Fax: (403) 220-0546 

www.runninginjuryclinic.com 

Study Investigator: Karen D.  Kendall 

PhD Candidate, CAT (C), CSEP-CEP, CSCS 

Tel: (403) 210-7091 

Email: kdkendal@ucalgary.ca 

Research Coordinator:  Kimber Thornton 

BKin, CAT(C) 

Tel: (403) 220-7411 

Email: kgsthorn@ucalgary.ca 

Rehabilitation Specialist:  Emma Skolnik 

MKin, CSEP-CEP 

Email: e.skolnik@ucalgary.ca  

 

http://www.runninginjuryclinic.com/
mailto:kdkendal@ucalgary.ca
mailto:kgsthorn@ucalgary.ca
mailto:e.skolnik@ucalgary.ca

