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An investigation into the effects of a posterior-to-anterior lumbar mobilisation 

technique on neurodynamic mobility in the lower limb 
 

Abstract 
Background and Objectives: Spinal mobilisation is commonly used in the field of manual 

medicine to address lumbar joint dysfunction. In addition, lumbar mobilisation has been 

proposed as a method to improve lower limb neurodynamic mobility, however, there is no 

published research to support this hypothesis. The aim of this study was to evaluate the effect 

of a posterior-to-anterior lumbar mobilisation technique on straight leg raise (SLR) and 

passive knee extension (PKE). 

 

Methods: A randomised controlled experiment was conducted. Male participants (n=23) were 

recruited and randomly allocated to receive a posterior-to-anterior L4/L5 lumbar mobilisation 

or a sham technique. Additional male participants (n=12) were recruited into a control group. 

The main outcome measures used to represent lower limb range of motion were SLR and 

PKE tests; neck flexion (NF) was used as a structural differentiation test to reduce 

neurodynamic mobility for each measure. 

 

Results: The experimental intervention demonstrated a ‘very large’ effect (d=2.14) on 

increased pre-post SLR measurements and a ‘large’ effect (d=1.6) on SLRNF when compared 

with the control group. The sham intervention was associated with similar improvements, 

demonstrating a ‘large‘ effect for both pre-post SLR (d=1.7) and SLRNF (d=1.3) ranges. 

Analysis between experimental, sham and control groups showed a significant increase for 

pre-post ranges of SLR (p<0.001) and SLRNF (p=0.003). Pre-post ranges of PKE were not 

affected by either intervention (p=0.36). Immediate improvements in range of SLR (p<0.01) 

and SLRNF (p<0.04) following the application of the lumbar mobilisation or sham technique 

were not evident after a 48-hour follow-up period. The addition of neck flexion as a structural 

differentiation test demonstrated a ‘trivial’ effect on pre-post ranges of SLR versus SLRNF 

(d<0.16) for all intervention groups.  

 

Conclusion: A posterior-to-anterior lumbar mobilisation technique applied to the L4/L5 

vertebrae improved neurodynamic SLR and SLRNF mobility, with minimal effect on PKE 

measurements, however, the sham technique demonstrated similar results. A placebo effect 

is discussed to explain these comparative findings. These observed improvements are not 

attributable to the engagement of joint articulation applied at a putative neural convergence 

point in the lumbar spine. The application of the L4/L5 PA lumbar mobilisation and sham 

technique increased lower limb neurodynamic mobility in asymptomatic male participants. 
 

Key Words: Spinal Mobilisation; Manual Therapy; Peripheral Nervous System; Straight Leg Raise Test; 

Passive Knee Extension Test; Hamstring Muscle Length 
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I    
 

INTRODUCTION 
 
 

In the field of manual medicine, manually delivered forces are commonly applied to treat 

spinal joint dysfunction. There are number of different professional groups that utilise manual 

medicine approaches incorporating manual therapy as their principal treatment modality. A 

wide range of manual therapy techniques may be applied to spinal joints, using various  

combinations of amplitude (vertebral displacement), velocity (change in displacement over a 

period of time) and force (applied pressure). There are several grading systems that attempt 

to classify the characteristics of such techniques based on frequency and amplitude (Grieve, 

1991, p. 177; Maitland, Hengeveld, Banks, & English, 2001, pp. 175-176; Ward, 1997, pp. 

557-567). Spinal mobilisation can take various forms and is routinely applied in a posterior-to-

anterior (PA), anterior-to-posterior (AP), transverse or rotatory direction to address spinal joint 

dysfunction.  

 

The application of a direct pressure on the spine for the purpose of assessment or therapy is 

known as an ‘accessory movement’, defined as motion occurring between joint surfaces that 

cannot be produced voluntarily but by the forces applied by a practitioner (Riddle, 1992). A 

practitioner may induce this ‘accessory movement’ in the spine by applying pressure with 

their hands to the bony prominence of a selected vertebra. Moving a spinal joint in a 

posterior-to-anterior (PA) direction is commonly selected as a mobilisation technique in an 

attempt to improve the function of a spinal segment. Mobilisation in a PA direction can be 

applied to the spinous (central) or transverse (unilateral) processes of a specific vertebra. 

 

Clinical neurodynamics is a manual therapy treatment concept popularised in the early 1990’s 

by a group of Australian physiotherapists, who developed a method of applying a mechanical 

technique to mobilise the central and peripheral nervous system. In basic terms, the concept 

involved passive stretching of the spine or extremities to improve the mobility of ‘taut nerves’ 

(Butler, 1991, pp. 185-187). The terms ‘taut nerves’, ‘neural tension’, and ‘neural provocation’ 

have been widely used to describe restrictive findings during stretching of peripheral nerves. 

These manual treatments were first named ‘neural mobilisations’ and have been described as 

a means to reduce ‘neural tension’ (Butler & Gifford, 1989). More recently, Shacklock (2005, 

p. 2) has re-conceptualised the concept and proposed the term ‘clinical neurodynamics’ to 

describe the assessment and treatment of impaired neural tissue through manual therapy.   

 

Nervous tissue lies in close proximity to bone, ligaments and muscle tissue. “The body is the 

container of the nervous system in which the musculoskeletal system presents a mechanical 

interface to the nervous system” (Shacklock, 1995b, p. 10). Any anatomical connection of 

nerves with these associated tissues is termed a ‘mechanical interface’. Poor compliance 
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between structures at an interface can reduce the flexibility and sliding function of such 

tissues. When a mechanical interface is dysfunctional the dynamic motion of nerves can be 

restricted thereby impairing the function of neural tissue, reducing the nervous system’s ability 

to cope with mechanical stress and strain of normal movements. These mechanical 

dysfunctions are named ‘extra-neural’ when they involve non-neural type structures, such as 

bone and muscle (Butler, 1991, pp. 166-167). In the lumbar spine, pelvis and lower limbs 

there are many potential mechanical interfaces that could be at fault. Often practitioners will 

treat extra-neural mechanical interfaces (e.g. nerve root, piriformis muscle, inner hamstrings 

and fibula head) identified through a physical examination and clinical reasoning process.  

 

A treatment hypothesis has been proposed by Shacklock (2005, p. 15) where the concept of 

neurodynamics includes “…links between mechanics and physiology of the nervous system 

in which interactions occur both ways and can be capitalised on therapeutically”. Butler (2000, 

p. 382) suggests that a practitioner can “…perform passive mobilisation of any structure, with 

the nervous system positioned. This conceptualisation may allow access to pathology or 

allow a varietal and novel presentation to the central nervous system”. Shacklock (2005, p. 

12) also discusses that certain manual medicine based techniques may improve the 

dynamics of neural motion, in particular “…opening mechanisms are those that produce 

reduced pressure on a neural structure. The reduced pressure occurs when the space around 

the neural structure is increased by a particular manoeuvre”. Shacklock’s hypothesis is 

supported by the findings of Louis (1981) who identified, using cadavers, two regions of 

increased neural mobility around the levels of C6 and L4 vertebrae. Proponents of clinical 

neurodynamics propose that mobility of these spinal regions may be important for normal 

mechanical function of neural tissue and transmission of tension in the neural tissue of the 

spinal cord. It follows then, that the technique of applying a PA lumbar mobilisation to the 

L4/L5 vertebrae, according to this hypothesis, may influence associated neural tissue 

structures and improve neurodynamic mobility in the lower limb. Despite widespread use of 

this hypothesis, there have been no previous published experimental studies that have 

investigated this concept in the lumbar spine.  

 

The first two chapters of this dissertation provide a review of relevant background literature on 

spinal mobilisation and clinical neurodynamics. Chapters three and four report an 

experimental investigation that employed a randomised controlled design to investigate the 

effect of PA lumbar mobilisation technique on neurodynamic range of motion in the lower 

limb. Chapter five discusses the results of this study in the context of other literature, 

exploring the limitations of the study and opportunities for further research. Chapter six 

concludes the main findings of this study and considers to what extent these findings are 

clinically relevant to practitioners in the field of manual medicine who may be using 

neurodynamic concepts in their clinical approach. 
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        II 
Literature Review 

 

A search for relevant literature was conducted using electronic online databases. The main 

search window of Science Direct / Scopus / MEDLINE using the following key words 

produced these citations (figures are represented in brackets); manual therapy (95,837 / 

10,178 / 34948), spinal mobilisation (10,411 / 201 / 38379), peripheral nervous system 

(182,766 / 137,574 / 357621), neurodynamics (1,415 / 398 / 231), adverse neural tension 

(7,447 / 20 / 24), neurodynamic tests (252 / 55 / 231), nerve tension test (252 / 604 / 456), 

straight leg raise test (3,224 / 128 / 91), passive knee extension test (4,768 / 174 /144) and 

hamstring length (3,565 / 375 / 193). After searching the history box these search terms were 

combined, yielding an acceptable number of abstracts that the author could analyse. 

Furthermore, the reference lists retrieved from articles and in textbooks of manual medicine 

were also reviewed to identify any additional reference sources not previously found using 

electronic databases.  

 

The following review will introduce the research literature on spinal mobilisation techniques in 

the lumbar spine, the importance of clinical neurodynamics (CN)1 and its relationship with 

‘neurodynamic mobility’ in the lower limb.  

 

Spinal Mobilisation 

Spinal mobilisation is the application of a manual force causing passive accessory motion of a 

selected vertebral level. This manual therapy technique is commonly applied in the field of 

manual medicine to address spinal joint dysfunction, with the therapeutic aim to restore a 

normal pain-free range in a hypomobile or painful joint identified upon physical examination 

(Brukner & Kahn, 2001, pp. 143-144).  

 

In addition to its therapeutic use, practitioners frequently use spinal mobilisation as a 

palpatory tool to assess impaired intervertebral joint motion. Posterior-to-anterior spinal 

mobilisation forms an integral part of routine palpation and assessment of the lumbar spine 

(Maitland et al., 2001, pp. 368-370). The practitioner may choose to alter their direction of 

force by applying a more cephalad or caudal PA pressure to better assess the quality of 

motion and direction of a facet joint restriction. Caling and Lee’s (2001) experimental data 

supports the notion that alterations in the direction of a PA force affects vertebral stiffness.  

Caling and Lee (2001) report that PA stiffness in individuals without back pain is affected by 

the direction of force applied in the sagittal plane, the mean greatest stiffness was observed 
                                                
1 Clinical neurodynamics has been defined as “…the clinical application of mechanics and physiology of 

the nervous system as they relate to each other and are integrated with musculoskeletal function” 

(Shacklock, 2005, p. 2). 
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in a base direction at L3 and was less with 10° more caudal or cephalad pressure, however 

no significant effect on PA stiffness was observed at L5. It is known that passive motion 

testing through joint mobilisation, primarily evaluates the non-contractile aspect of the spine 

(i.e. disc, capsule and ligaments) by eliminating muscle contraction (Powers, Kulig, Harrison, 

& Bergmann, 2003). 

 

Grading of Posterior-to-Anterior Spinal Mobilisation 

The usage of PA spinal mobilisation was popularised in the early 1950’s by one of the most 

prominent manual therapists, Geoffrey Maitland. Further recognition was gained following the 

publication of a grading system for five levels of spinal mobilisation (Maitland et al., 2001, pp. 

175-176). Grade I is a small amplitude movement at the beginning range of joint play in the 

presence of pain or spasm, conversely grade V 2 is a spinal manipulation technique of high 

velocity low amplitude (HVLAT). Of particular interest to this current study is a Grade III 

mobilisation which is stated to primarily affect Type II mechanoreceptors, due to its large 

amplitude of movement at the end-range of joint ‘play’, aiming to improve joint range of 

movement in a hypomobile segment (Christopher, 1986).  

 

Two studies have investigated the variability of forces during spinal mobilisation and 

evaluated the practitioner’s ability to perform Maitland’s graded mobilisations. Results show 

inconsistency between experienced therapists, with variation in vertebral displacement and 

amplitude. In particular, grades I and II overlapped greatly with grades III and IV. These 

findings may impact clinical practice by challenging the validity of Maitland’s grading system 

as a tool for measurement and reproducibility by individual therapists (Chester, Swift, & 

Watson, 2003; Harms & Bader, 1997). Maitland et al. (2001, pp. 201-204) also defines a 

treatment dose as comprising of the following components; selection of spinal level to be 

treated, mobilisation grade, treatment frequency and duration. Different rates of spinal 

mobilisation have been compared in previous experimental research. Using spinal 

mobilisation with different frequencies may produce different experimental effects. Studies by 

Chiu and Wright (1996) and Peterson, Vicenzino, and Wright (1993) suggest the application 

of a grade III cervical mobilisation at 2Hz as an effective rate for clinical practice.  

 

Palpatory Reliability 

During a musculoskeletal assessment a practitioner often uses lumbar mobilisation as a 

palpatory tool to determine whether the abnormality identified is either one of symptom 

provocation, mechanical resistance to the spine or has minimal vertebral displacement 

                                                
2 A grade V spinal mobilisation is a high-velocity trust, the highest graded mobilisation technique named 

by Maitland (2001, pp. 175-176), there are other universal terms used to describe this technique with 

the intention of creating cavitation of a synovial joint in the field of manual medicine, namely, a high 

velocity low amplitude technique (HVLAT) or spinal manipulation (Harvey, Burton, Moffett, & Breen, 

2003). 
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(Chiradejnant, Maher, Latimer, & Stepkovitch, 2003). Therefore a ‘comparable spinal level’ is 

a segment that a therapist believes is the spinal level contributing most to the patient’s 

symptoms (Jull, Bogduk, & Marsland, 1988). The evidence for inter-rater reliability of 

palpating such a clinically relevant spinal level is contradictory. Downey, Taylor and Niere 

(2003) found that manipulative therapists can not agree on which lumbar level to treat based 

on palpation for patients with non-specific low back pain (LBP). Another study also supports 

poor reliability when assessing segmental stiffness through spinal palpation (Maher & Adams, 

1994). Conversely, Jull, Bogduk and Marsland (1988) claim that when palpation is performed 

in the context of a full subjective and physical examination a more accurate diagnosis may be 

achieved.  Furthermore, research evidence supports the reduction in spinal pain when a PA 

mobilisation has been applied to a comparable spinal level selected by a therapist, rather 

than a randomly selected segment (Chiradejnant, Latimer, Maher, & Stepkovitch, 2002; 

Phillips & Twomey, 1996). Palpation of nominated spinal levels in the lumbar spine is also 

more reliable in physiotherapy practitioners with a greater number years experience in 

manual therapy training (Downey, Taylor, & Niere, 1999).   

 

Mechanical and Physiological Effects of Spinal Mobilisation 

The effect of PA mobilisation on lumbar range of motion (ROM) is unclear due to 

inconsistencies in prescribed treatment doses reported in different research investigations. 

McCollam and Benson (1993) applied PA mobilisations at three locations (L3 to L5) for three 

minutes per level, identifying an increase in lumbar extension ROM. Whereas, the study by 

Petty (1995) noted no change in flexion and extension mobility in the lumbar spine after a PA 

mobilisation was applied to L3 for two minutes, on 18 asymptomatic female participants, 

utilising a 4.5Hz oscillation rate. Few published studies have investigated the effects of 

lumbar mobilisation in individuals with LBP. Goodsell, Lee, and Latimer (2000) observed that 

lumbar mobilisation did not produce any measurable change in the mechanical behaviour in 

the lumbar spine of patients with LBP.  

 

There is preliminary evidence from a recent study by Perry and Green (2007) who applied a 

unilaterally mobilisation technique at the 4th to 5 th lumbar zygopophyseal joint (L4/5), 

performed at a rate of 2Hz, resulted in side-specific peripheral changes in the lower limb. 

Activity in the sympathetic nervous system was indicated through skin conductance changing 

by 13.5% from baseline levels. The effect of a dynamic PA force (100 newtons) being applied 

to the L3 spinous process using either low-frequency sinusoidal oscillations, HVLAT or very 

rapid impulse thrusts (manually-assisted manipulation) have been investigated. Findings by 

Keller and Colloca (2002) show that PA forces delivered through low-frequency oscillations 

(less than 2Hz) at L3 produced L3 segmental and L3-L4 intersegmental displacements up to 

8.1mm and 3.0mm, respectively. Manipulative thrust produced much lower segmental 

displacements in comparison to static and oscillatory forces, however these findings are 



 

 13 

limited to predicting vertebral motion along a single PA axis and did not consider the influence 

of the thorax and pelvis.  

 

Central grade III mobilisations have been shown to produce a degree of mechanical 

hypoalgesia in the cervical spine, specific to mechanical nociception and may involve the 

activation of descending pathways (Wright & Vicenzino, 1995, pp. 164-173). Further studies 

support this finding where passive mobilisation treatments may produce an initial 

hypoalgesia, accompanied by sympathoexcitation and motor system excitation (Paungmali, 

O'Leary, Souvlis, & Vicenzino, 2003; Sterling, Jull, & Wright, 2001). 

 

Changes in physiology of the nervous system also produce changes in neuromechanical 

function. For example, the axons in a peripheral nerve can swell up during diabetic 

neuropathy, therefore a diabetic person is more susceptible than normal to neural 

compression (Dellon, Mackinnon, & Seiler, 1988). Intra-neural circulation and axoplasmic flow 

may become compromised if the mechanical and chemical stimuli exceed the physical 

capabilities of neural tissues, inducing venous congestion (Greening & Lynn, 1998). Hypoxia 

and the subsequent inflammatory response cause alterations in microvascular permeability in 

nerve trunks and dorsal root ganglia and are neurobiological mechanisms that lead to sub-

perineural oedema and increased endoneural fluid pressure (Parke & Whalen, 2002). 

Neuropeptides released from mechanically irritated nervi nervorum and pro-inflammatory 

mediators contribute to this inflammatory response (Gazda et al., 2001). Nociceptors in the 

nervi nervorum and sinuvertebral nerves will become sensitised to mechanical and chemical 

stimuli, enhancing a mechanosensitive state of the neural connective tissue (Baron, 2000). 

Persistent endoneural oedema, due to an accumulation of inflammatory exudate, leads to 

intra-neural fibrosis, and therefore, compromises the viscoelastic properties of neural 

connective tissues (Rempel, Dahlin, & Lundborg, 1999).  

  

One physiologic mechanism proposed by Dishman, Ball and Burke (2002) is that following a 

lumbar grade V mobilisation, central motor facilitation occurs transiently reducing pain and 

spasm by lowering the excitability of the motor neuron pool of the paraspinal musculature. 

This inhibitory stretch reflex decreases the extent of spinal muscle activation allowing an 

increase in intervertebral joint motion (Herzog, Scheele, & Conway, 1999). The underlying 

mechanisms to explain the physiological effects of mobilisation remain largely unexplored. 

One study has investigated which spinal neurotransmitter receptors mediate manipulation-

induced anti-hyperalgesia in rats. Anti-hyperalgesia produced by spinal joint manipulation 

appears to involve descending inhibitory mechanisms that utilise serotonin and noradrenaline, 

where the administration of a spinal blockade containing naloxone demonstrated no analgesic 

affect, suggesting activation of non-opioid inhibitory pathways (Skyba, Radhakrishnanb, 

Rohlwing, Wright, & Sluka, 2003). Currently it is not known whether these mechanisms also 
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occur during a lower grade (e.g. grade III) spinal mobilisation, as well as the higher grade V 

mobilisation (spinal manipulation) investigated in these studies.  

 

Mechanics of Lumbar Mobilisation 

Despite the fact that external PA forces are routinely applied to the spine to assess segmental 

mobility and stiffness, little is actually known about the physical mechanics of this commonly 

used assessment and treatment tool (McGregor, Wragg, & Gedroyc, 2001). Several studies 

have investigated segmental displacement through the application of a PA force onto different 

spinal levels. Posterior-to-anterior lumbar mobilisation techniques on L3 have been reported 

by Lee and Svensson (1993) to produce movement between T7 and the sacrum. An 

innovative study by Powers et al. (2003) assessed segmental lumbar motion during a PA 

mobilisation using dynamic magnetic resonance imaging (MRI) of the lumbar spine. When a 

PA force was applied to L5 SP an extension of three degrees at the L5-S1 segment resulted 

and extension occurred in all segments cranial to it, subsequently increasing the lumbar 

lordosis in eleven pain-free individuals. Interestingly, when a PA force was applied to L1 and 

L2 the three caudal segments moved into flexion, however, segmental motion caudal to L5 

was not investigated presumably due to the sacrum’s strong articulation with the innominate 

bones.  

 

In a in vivo radiographic study by Lee and Evans (1997), lumbar intervertebral displacement 

during a PA mobilisation was reported to cause extension at all lumbar segments, except for 

L5-S1 where flexion occurred, yet their findings were limited because they only investigated 

the L3 level. Lumbar segmental and intersegmental motion responses to mobilisation are 

difficult to obtain experimentally, therefore Keller, Colloca, and Beliveau (2002) have 

developed a mathematical model capable of predicting the static and dynamic motion 

response of the lumbar spine to PA forces. Their results indicate that 8.23mm segmental 

displacement occurred at the L3 vertebrae when using a dynamic PA force ranging from 100 

to 200 newtons, however, the effects on other lumbar vertebral levels were not investigated. 

In a review of existing studies researching lumbar mobilisation, the manual forces 

investigated are shown to be inconsistent (Snodgrass, Rivett, & Robertson, 2006). Therefore 

there is a need to define a standard protocol when researching spinal mobilisation in the 

lumbar spine to improve the comparability between study findings. 

 

Clinical Neurodynamics 

Adverse Neural Tension  

Originally patients with ‘neural tension’ were those who demonstrated a positive neural 

tension test, supposedly due to immobility in their nervous system. The treatment involved  

nerve stretching to release ‘adverse neural tension’ (ANT). The term ANT in the central 

nervous system was initially introduced by Breig (1978, pp. 1-10), referring to the loss of 

conductivity in tetra- and paraplegic patients when their spinal cord was bent and stretched 
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due to severe spinal injuries. The first account of the physics of nerve-stretching was first 

published by Symington (1882) and has since been updated by Elvey (1979, pp. 105-110), 

and by Butler (1991) in the text entitled “Mobilisation of the Nervous System”.  Butler refined 

and popularised the concept of applying a mechanical treatment to influence neural tissue, 

creating the widespread adoption of a particular style of nerve stretching in the clinical 

community during the 1990’s.  

 

Neural Mobilisation 

Neural mobilisation is a gentle nerve stretching technique, with the therapeutic aim to relieve 

adverse mechanical tension in a selected peripheral nerve. Butler, Shacklock, and Slater 

(1994, pp. 693-703) recommend that neural mobilisations are viewed as another form of 

manual therapy similar to joint mobilisation and propose using either the ‘slider’ or ‘tensioner’ 

neural mobilisation technique as a means of mobilising the nervous tissue3. These techniques 

have the aim of improving both the physiological and mechanical function of impaired neural 

(intra and extra) and associated tissue, to restore maximal pain-free movement within 

postural balance (Herrington, 2006).  

 

Neural mobilisation techniques are selected to address impaired neural structures, by 

repeating a sequence of movements as documented in upper or lower limb neurodynamic 

test descriptions (Butler, 2000, pp. 275-341). Authors advocate that care should be taken 

when incorporating these techniques into patient treatment, ensuring passive movement of 

the nerve is relative to its normal environment. Several contraindications to neural 

mobilisations have also been reported. These contraindications include irritable conditions, 

inflammation, spinal cord signs, malignancy, nerve root compression, peripheral neuropathy 

and complex regional pain syndromes (Shacklock, 2005, pp. 146, 169, 297). Elvey and Hall 

(2004, pp. 187-203) emphasise the avoidance of painful stretching when mobilising neural 

tissue in conjunction with the surrounding tissue, because treatment may further sensitise 

nervous tissue. These authors also recommend neural treatments that avoid further neuro-

vascular compromise. They suggest mobilising affected neural tissue in an oscillatory manner 

similar to spinal mobilisation, as the nerve’s micro-circulation might be compromised during 

compression neuropathy, where even minimal lengthening of the nerve creates ischaemia 

(Hall & Elvey, 1999). 

 

An Explanation of Clinical Neurodynamics 

It is acknowledged that the original concept of ANT as a mechanical strain on the central or 

peripheral nervous system is oversimplified (Butler, 2000, pp. 98-99; Shacklock, 1995b). Both 

these models of ANT and neural mobilisation are relatively isolated to the nervous system 

                                                
3 Tensioner Mobilisation: Involves elongating the entire length of the nerve tract, attempting to apply 

tension along the whole neural axis. Slider Mobilisation: Involves sliding of the nerve along its bed 

without elongation of the nerve (Herrington, 2006).  
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and are only a small part of a relevant clinical and scientific picture. Neural tension 

nomenclature has its limitations and following the publication of Shacklock’s (2005) text 

entitled “Clinical Neurodynamics”, there has been a shift to embrace the more encompassing 

term “neurodynamic”. This currently favoured term allows the inclusion of the physiological 

components which occur during a neural tension test, such as blood flow, ion channel activity, 

inflammation and plasticity changes of the central nervous system, rather than purely 

mechanical observations (Butler, 2000, pp. 98-99). Therefore, both Shacklock (2005, p. 2) 

and Butler (2000, pp. 98-99) recommend that use of the term “neural tension” cease, and be 

replaced with the more comprehensive term “neurodynamic”, which is intended to portray the 

physiology, pathophysiology and pathomechanical aspects of the nervous system. However, 

the older terms of ANT and ‘adverse neural provocation’ are still prevalent within current 

manual medicine describing this mechanosensitive state of the nervous system. 

 

Clinical neurodynamics is effectively an extension of ANT and neural mobilisation. Shacklock 

(1995a, pp. 123-131) states there are three structural parts of the clinical neurodynamic 

system, consisting of the mechanical interface, neural structures and innervated tissue. A key 

concept of clinical neurodynamics is the fact that normal mechanics and physiology of the 

nervous system are dynamically interdependent, allowing pain free maximal movements and 

postures. Another concept is that the body is effectively a container, forming a mechanical 

interface for the nervous system, which is prone to mechanical irritation due to repetitive, 

compressive, tensile, friction, and vibration forces acting near anatomically narrow tissue 

spaces through which neural structures pass (Butler, 1991, pp. 35-36; Sunderland, 1991, pp. 

467-497). Shacklock (2005, pp. 50-52) defines a mechanical interface dysfunction “…when 

the forces exerted on the nervous system by the interfacing movement complex are abnormal 

or undesirable”. When this mechanical interface is influenced by local anatomy and 

biomechanical dysfunction, its relationship with the nervous system may become abnormal. 

The term of ‘pathodynamics’ is used to describe this induced state for the central nervous 

system due to pathomechanical and pathophysiological changes (Shacklock, 1999). 
 

Mechanosensitivity 

Sensitivity of nervous tissue in response to mechanical stimulation, usually stretch, has been 

termed ‘mechanosensitivity’. The following statement has been proposed by Shacklock 

(2005) to define this phenomenon:  
Mechanosensitivity is the ease with which the neural tissues become active when 

mechanical force is applied to them. The more mechanosensitive the nerve is, the less 

force is needed to elicit activity and the more intense is the response. Two types of 

responses occur, impulse based ones and chemical ones. (p. 64)  
Local inflammation of a nerve trunk can cause small numbers of myelinated and 

unmyelinated afferent fibers, with functionally intact A- and C- fibres, to develop local 

mechanosensitivity to pressure and stretch changes (Dilley, Lynn, & Pang, 2005). Research 

evidence shows that local neural inflammation may be a key factor in neuropathic conditions, 
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often without any obvious nerve injury. When normal nerve fibres are compressed or 

stretched in experiments, impulses are activated at the site of this mechanical stress (Gray & 

Ritchie, 1954). Natural body movements also evoke impulses in nerves in both normal and 

pathological states (Shacklock, 1995b). Peripheral nerve trunks are known to tolerate a 

degree of mechanosensitivity, as within their connective tissues they possess afferents 

known as nervi nervorum, normally capable of mechanoreception (Hromada, 1963) and are 

therefore potential sites of a local injury response (Zochodne, 1993).  

The majority of nervi nervorum studied by Bove and Light (1997) were sensitive to excess 

longitudinal stretch of the entire nerve and to a local stretch in any direction, but interestingly 

were insensitive to stretch in normal ranges of motion. Increased mechanosensitivity is a 

known consequence of neural irritation in a pathological state, where subsequent normal 

body movements above a tolerated threshold may trigger neurogenic inflammation. This 

increased mechanosensitivity occurs when repetitive mechanical stress applied to a damaged 

nerve evokes impulses (Howe, Loeser, & Calvin, 1977) or pain (Kuslich, Ulstrom, & Cam, 

1991). At a cellular level, the accumulation of sodium channels at nerve fibre endings of 

degenerated A- and C-fibres is considered to be the most likely mechanism to cause local 

mechanosensitivity, due to disruption of axonal transport in intact fibres (Devor, Govrin-

Lippmann, & Angelides, 1993; Novakovic et al., 1998).  

 

Hall and Elvey (1999) note that in a heightened mechanosensitive state, the nerve’s 

microcirculation can also be compromised, where painful nerve movement or restricted 

gliding will follow. Consequently, this vascular change impairs limb movement as the nerve’s 

motion provides a painful nociceptive stimulus to act in a protective manner. Neurogenic 

inflammation may follow evoking primary afferent C-fibres. When activated by noxious stimuli, 

neuropeptides are released from the C-fibres. This afferent release of neuropeptides may 

participate in neurogenic inflammation (Foreman, 1987). Nerves that are sensitised by 

excessive or repeated mechanical force may become hypersensitive and produce impulses in 

both afferent and efferent directions. Afferent impulses may cause pain and efferent ones 

may cause neurogenic inflammation in the tissues innervated by the sensitised nerve. This 

argument seems plausible in light of the early evidence provided by Bayliss (1901) who 

produced neurogenic inflammation in the related dermatome in dissected animals by 

electrically exciting the peripheral end of a dorsal nerve root.  

Neurodynamic Tests 

Neurodynamic tests mobilise the nerve trunk longitudinally, whilst the degree of symptom 

provocation or protective muscular resistance is assessed and interpreted in the context of 

other subjective and physical examination findings. Practitioners involved with manual 

medicine frequently utilise neurodynamic tests to examine, assess and treat the contributing 

neural tissue present in a musculoskeletal disorder, such as LBP or ‘sciatica’. Neurodynamic 

tests are widely accepted as an integral part of the physical examination of the nervous 

system (Saranga, Green, Lewis, & Worsfold, 2003). Shacklock (2005, pp. 118-151) describes 
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several distinctive tests using a sequence of joint movement to assess the neural integrity of 

the median, ulnar and radial nerves in the upper limb. Distinctive neurodynamic tests are also 

documented tests for the sciatic, femoral, obturator, sural and peroneal nerves in the lower 

limb, and the slump test for the trunk. The physical diagnosis of neural tissue dysfunction 

involves a logical examination sequence of active and passive neurodynamic tests by 

comparing the involved and non-involved side, including the palpation of percutaneous nerve 

tissue to evaluate for normal or hyperalgesic responses (Elvey & Hall, 2004, pp. 413–431). 

This collaborative style of assessment, combining neurodynamic evaluation and palpation of 

nerves is commonly used in clinical practice to allow for discrimination of neural and non-

neural sources of dysfunction. 

 

Kostopoulos (2004) describes the criteria for a positive neurodynamic test as being:  
i) It reproduces the patient’s symptoms of pain, numbness or tingling 

ii) There is asymmetry when testing right and left sides (finding limitation in range of 

motion, resistance in the movement, production of symptoms during movement) 

iii) Test responses altered by movement of distant body parts (neck) (p. 6) 

The latter criteria is often described as ‘structural differentiation’ and is performed during a 

neurodynamic test. Shacklock (2005, p. 13) suggests structural differentiation is achieved 

when “… the therapist moves the neural structures in the area in question without moving the 

musculoskeletal tissues in the same region. Any change in symptoms with the differentiating 

manoeuvre may indicate a neural mechanism”. Therefore an individual who meets any one of 

these criteria could be classified as having adverse neurodynamic mobility due to 

mechanosensitive neural tissue. Positive neurodynamic findings are frequently produced 

when peripheral nerves are inflamed, adhered and mechanically challenged. Often a positive 

result may be a sensitive movement, stressing intact yet irritated neural or non-neural tissues. 

Butler and Coppieters (2007) propose that the findings of altered neurodynamic tests may 

occur when “…the nervous system has become peripherally and centrally unregulated due to 

non-mechanical inputs with resultant perturbations and contributions from the endocrine, 

autonomic, motor, and immune systems” (p. e7).  

 

Outcome Measures 

Outcome measures selected in this current study to measure mobility in the lower limb were 

two common orthopaedic tests, namely the straight leg raise (SLR) and passive knee 

extension (PKE) tests. It is known that an individual’s lumbar lordosis is reduced when these 

tests are repeated with the addition of neck flexion (NF), placing further tension on the neural 

tissue at the lumbosacral roots (Breig & Marions, 1963). Comparing these lower limb outcome 

measures with the addition of this structural differentiation test will be useful to assess 

changes in hamstrings muscle length and neurodynamic mobility in the lower limb. 
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Straight Leg Raise Test  

This section will review previous studies and their implications for the SLR test. The SLR test 

has been reported in a large number of studies to be an indicator of musculoskeletal 

dysfunction involving the lower quarter. Historically, Professor Charles Lasegue at the 

University of Paris first described this hip flexion test in 1865, where he provoked hip pain 

when sustaining a SLR, symptoms were not reduced by adding knee flexion, identifying the 

hip joint as a pain source. This simple differentiation manoeuvre became known as the 

‘Lasegue’s test’ (Dyck, 1984).  

 

As well as measuring hamstring muscle length, the SLR is considered a clinically relevant 

neurodynamic test and universally applied as a clinical outcome measure to assess treatment 

interventions to the spine and lower limbs. It is a well-documented and familiar component of 

both a neurological and orthopaedic examination. The SLR test has been widely researched 

and shown to have reasonable validity. The significance and clinical evaluation of the SLR 

test has been reported to accurately predict the location of a lower lumbar intervertebral disc 

protusion (Xin, Zhang, & Fan, 1987). Before the technological advances of modern imaging, 

Charnley (1951) suggested that with regards to back pain, “The SLR was more important 

than all of the other clinical and radiological signs put together” (p. 188). 

 

Limitation in hip flexion during a SLR is usually compared to the contralateral leg or to the 

expected range for that individual, any restriction observed may be attributed to either 

insufficient elasticity of hamstrings (Kendall, McCreary, & Provance, 1993, pp. 385-389), 

mechanosensitive neural tissue (Thelander, Fagerlund, Friberg, & Larsson, 1992), 

dysfunction or facet joint irritation in the lumbar spine (Urban, 1981) or lumbar surgery (De 

Tribot et al., 1998; Javid, 1995). Furthermore, previous research on the SLR test focuses on 

the diagnostic utility for identification of intervertebral disc herniation, as during a unilateral 

SLR manoeuvre the lumbosacral roots become taut, pulling the cauda equina and dural sac 

towards them (Louis, 1981). Smith (1956) investigated neural axis movements in experiments 

on rhesus monkeys and found that when the lower extremity is flexed at the hip during a SLR, 

the lumbar nerves pull on the lower end of the cord, stretching the whole length of the spinal 

cord, where every segment shares equal elongation. The manoeuvre can also assess the 

thorax, cervical spine, lumbar spine, hips, sacroiliac joints and fascia (Butler, 1991, p. 136).  

 

Normal responses to SLR and available ranges are variable in healthy individuals. Of the few 

studies that have investigated the available ranges in asymptomatic individuals, hip flexion 

during a SLR test was found to be between 56° and 115° (Sweetham, Anderson, & Dalton, 

1974) and between 50° and 120° (Lew & Puentedura, 1985, pp. 183-206). Positive responses 

to passive SLR testing are documented as a “deep stretch sensation” into either the posterior 

thigh, posterior knee or posterior calf extending into the foot and may limit peripheral joint 

motion (Butler et al., 1994, pp. 693-703; Lew & Briggs, 1997). Posterior pelvic rotation is 
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another primary component of the SLR. The pelvis starts to rotate in the sagittal plane 

between 9° and 15° of hip flexion and continues in a linear fashion until end range 

(Bohannon, 1982). Grambo, Reynolds, Vorro and Beal (1991) report that the pelvis rotates in 

transverse and frontal planes towards the contralateral leg being tested. The mechanism of 

this rotation is unknown but is thought to involve normal biomechanical coupling of joint 

motion. 

 

For over a century stretching techniques to improve the range of SLR have been advocated 

to treat LBP and lower limb dysfunction (Marshall, 1883). Numerous studies have 

investigated techniques that improve the hip flexion component of SLR. Cleland, Hunt, and 

Palmer (2004) have supported the use of neural mobilisation techniques, particularly through 

repeated hip flexion and ankle dorsiflexion movements during a dynamic SLR manoeuvre, 

demonstrating an improvement in hip flexion of 18.8° in a single case study design. The 

effects of ‘Mulligan traction’, a manual therapy technique, have been investigated on 

participants with limited SLR, increasing by 27% following the intervention of a SLR traction 

(Hall, Cacho, McNee, Riches, & Walsh, 2001). These authors suggest that the increased 

range was mediated via traction on the mechanoreceptors in the hip, knee and lumbar spine 

facet joints causing changes to the hamstrings and paravertebral muscle stretch reflex, 

however the duration of traction was not timed or reported. More recently Hall, Hardt, 

Schafer, and Wallin (2006) found limited benefit when using a single application of Mulligan’s 

bent leg raise technique to improve SLR. 

 

Straight Leg Raise Protocol and Structural Differentiation Tests 

No single standardised protocol for the application of a passive SLR manoeuvre in research 

or as an examination procedure has yet been accepted. One proposed protocol for SLR 

testing by Breig and Troup (1979) has been repeated in several experimental studies, where 

the patient is positioned on a flat couch, the leg is lifted up slowly, with the knee fixed in 

extension. The hip should be in a neutral position, neither abducted, adducted nor rotated. In 

a more recent SLR protocol, Hall et al. (2001) used a modified ankle foot orthosis to maintain 

the ankle at 90° dorsiflexion and a rigid knee extension splint to maintain the knee in full 

extension. During the SLR testing procedure a vertical board was placed between the 

participants legs to ensure their limb remained in the sagittal plane, preventing rotation and 

adduction of the hip. Instructions were also provided to participants in an attempt to limit 

extraneous variables.  

 

To improve test-retest reliability the same starting position, particularly the head, should be 

maintained across all repetitions (Butler, 2000, pp. 280-286) to avoid changes in the angle of 

a patient’s neck flexion. Cameron, Bohannon and Owen (1994) found that hip flexion in the 

opposite leg should be prevented, as this increases the SLR angle and that greater range 

was gained when the test was passive rather than active. Other factors which may reduce 
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error measurements in SLR include the use of a firm bench at a low height, palpating bony 

landmarks and, if used, correct alignment of goniometers (Dixon & Keating, 2000). 

 

As the neurodynamic SLR test loads both the neural and non-neural structures, structural 

differentiation tests are necessary. These consist of dorsiflexion, neck flexion, internal hip 

rotation and adduction of the hip. Crucially, Rubenstein (2002) states “To differentiate neural 

tissue from other tissues, it is imperative that the sensitising manoeuvre movement is 

performed to an area that does not share soft tissue with the symptomatic region” (p. 364). 

Additional distal manoeuvres to the foot during a SLR can sensitise the tibial nerve 

(sometimes termed ‘bias’) by moving into dorsiflexion/eversion, the sural nerve bias by 

dorsiflexion/inversion and the peroneal nerve bias by plantarflexion/inversion (Shacklock, 

2005, pp. 218-237).  

 

Boland and Adams (2000) found the addition of dorsiflexion on SLR testing reduces the 

available range to the onset of symptoms, by a mean of 9° compared to SLR alone. They also 

support both the SLR and SLR plus dorsiflexion tests as reliable procedures, with high inter-

rater reliability in the clinical environment. Cervical flexion or extension movements have been 

demonstrated to change symptom response and ROM in SLR measurements, through 

cervical neuraxis and meninges either being taut or slack (Butler, 1991, pp. 130-135). Adding 

neck flexion mechanically stretches the spinal cord, placing the neural tissue under further 

longitudinal stress. Interestingly, Coppieters (2001) postulates that the addition of remote 

sensitising manoeuvres, such as neck flexion, may impact the nervous system beyond the 

point to which musculoskeletal structures are loaded. Specific movement and tightening of 

the sacral plexus in relation to the greater sciatic foramen has been shown by Breig and 

Troup (1979) through the application of medial hip rotation during a SLR procedure, however 

the complete validity of structural differentiation is not yet proven. 

 

An ‘end point’ is the term used to describe the limit of peripheral or spinal joint ROM. There 

are a number of end points that can be used to measure the passive hip joint ROM and 

represent a SLR measurement. These are; to the onset of pain (P1), maximal pain (P2), 

onset of resistance (R1) and maximal resistance (R2) (Maitland, 1986, pp. 352-358). 

Alteration in resistance perceived by the examiner during neurodynamic testing is considered 

one of the most important signs of increased neural tissue mechanosensitivity (Hall & Elvey, 

2004, pp. 413–431). Yet this perceived resistance during the SLR test may actually be 

protective muscle activity from the hamstrings, rather than palpation of the viscoelastic 

behaviour of the nervous system. Both asymptomatic and symptomatic participants have 

displayed this muscular activity associated with end resistance of a SLR (Hall, Zusman, & 

Elvey, 1998). 
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Reliability of the Straight Leg Raise Test 

There have been four main studies investigating reliability of test-retest measurements of 

SLR to the onset of pain, numbness or pins and needles, when only using symptomatic 

participants (Boland & Adams, 2000; Chow, Adams, & Herbert, 1994; Hoehler & Tobis, 1982; 

Macfarlane, 1981). Other studies have used asymptomatic participants and measured their 

SLR at either the onset of stretch sensation in posterior thigh (Gajdosik , Rieck, Sullivan, & 

Wightman, 1993; Rose, 1991), pelvic tilt, maximal resistance or when the opposite thigh 

begins to lift have also been used.  It would be inappropriate to take a patient’s SLR to 

maximal resistance if they were experiencing severe or irritable sciatica, therefore the use of 

the onset of symptoms or pain may be a more useful endpoint in symptomatic participants. 

Chow et al. (1994) found the SLR test to be highly reliable, with an intraclass correlation 

coefficient (ICC) of 0.95, and reports that “SLR reliability is not an artefact of memory for 

movement involved in the test” (p. 107). The validity of this finding is reduced as only a single 

reading of the SLR was recorded, rather than calculating an average of three readings, as 

consecutive readings of the same test are known to vary during experimental trials.  

 

Dixon and Keating (2000) completed a meta-analysis determining the error associated with 

measurements of straight leg raising and reliability in many relevant studies. This review of 

SLR studies revealed that intra-session measurements have not been well established due to 

methodological flaws confounding the interpretation of the reported reliability. Dixon and 

Keating (2000) estimate the most credible results indicate that intra-session SLR 

measurements need to improve by more than six degrees to exceed measurement error and 

be 95% confident that a “real change” has occurred. Whereas, inter-session measurements 

of the SLR test need to improve by more than 16° to be 95% confident that the improvement 

exceeds the standard error measurement of the procedure. Therefore previous studies 

reporting statistically significant improvements in SLR measurements below these estimated 

ranges should be interpreted cautiously.  

 

Passive Knee Extension Test  

Hamstring flexibility has been measured indirectly using PKE and passive SLR to the onset of 

resistance in a previous study, where hamstring tightness was defined as the onset of a 

stretching sensation on the posterior thigh of less than 70° during a passive SLR (Hopper et 

al., 2005). Other hamstring length tests are reported within the literature such as active knee 

extension (Keogh, 1999) and the sit-and-reach test (Kuilart, Woollam, Barling, & Lucas, 

2005), however it is difficult to gauge the quality of these later tests due to the poor reporting 

of their method procedures. Biomechanical factors such as limb length discrepancies or joint 

malalignment were not considered as part of these study’s exclusion criteria. The 

measurement protocol for PKE is to test hamstring length by the angle of knee extension, 

while the hip is stabilised at 90° flexion and the subject’s anterior thigh is maintained against 
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an adjustable cross bar, as an operator extends the knee passively until the onset of soft 

tissue resistance (Kendall et al., 1993, pp. 385-389; Rolls & George, 2004).  

 

The passive knee extension test is thought to be more selective than the SLR test at 

measuring hamstring muscle length alone, because the hip is stabilised at 90° of flexion and 

hamstring length is represented by the angle of knee extension (Gajdosik  et al., 1993). This 

view is controversial and may lead to inaccurate measurements of a muscle that crosses over 

two joints, when only recording a single joint angle. Other advantages of the PKE test include 

minimal posterior pelvic tilt and the reduced likelihood of a neurodynamic involvement, 

through the lack of knee extension.  

 

Hopper et al.(2005) support the view that the PKE test is the most reliable and effective 

indirect test for hamstring length, finding a significant improvement in hamstring length 

immediately following both classic and dynamic hamstring massage. These detectable 

improvements in hamstring length using PKE were not observed in participants’ SLR 

measurements. Improvements in hamstring length detected by PKE were not observed with 

SLR measurements. Improvements were short-term as they were no longer detectable 24 

hours post massage intervention. The single application of the intervention in this study does 

not reflect normal clinical management. Apart from the increased flexibility of the myofascial 

tissue found, an increased tolerance to stretch, biomechanical or neurophysiological 

alterations may also account for the improvement in hamstring muscle length demonstrated in 

this study. As well as these factors mentioned above, other determinants can also limit ROM 

during a passive SLR or PKE test, these include; the joint capsule, tendons, ligaments, skin 

and other physical structures of the bony articulation providing resistance to the overall 

peripheral joint range of motion (Johns & Wright, 1962).   

 

Lumbar Mobilisation and its Relationship to Neurodynamic Mobility 

Few research studies have been published that have investigated the effect of lumbar 

mobilisation on lower limb neurodynamic mobility. Elvey (1986) has recommended spinal 

mobilisation techniques to improve neurodynamics as they allow movement of structures 

within the intervertebral foramen, without undue neural tension. One study has investigated 

treating adjacent structures that might impede neural structures in the cervical spine. Saranga 

et al. (2003) applied a lateral glide technique to the facet joint between the fifth and sixth 

cervical vertebrae showing improved elbow extension during an upper limb neurodynamic 

test for the median nerve. A change to the nerve root interface at the intervertebral foramen 

was proposed as a mechanism to explain the increased neural extensibility reported in 

asymptomatic participants.  

 

Interestingly, there is one published case study by Klingman (1999) that reports the 

relationship between lumbar spine dysfunction and concomitant lower extremity peripheral 
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nerve entrapment, describing an extra and intra-neural tissue mobilisation. This patient was a 

32-year-old runner with lumbar-leg pain and neural mechanosensitivity. A unilateral PA 

mobilisation was applied to a hypomobile L5-S1 intervertebral segment whilst the 

symptomatic limb was placed off the couch in a partial SLR in a prone position. Klingman 

offers an explanation of ‘Double Crush Syndrome’ 4 as a possible mechanism in this lumbar 

pseudo-radicular presentation. The results of this case study support the premise that direct 

treatment of articular spinal structures may reduce neurodynamic dysfunction in a patient with 

mechanosensitive neural tissue as an increase in their SLR range was reported.  

 

The effect of 10 minutes continuous mechanical lumbar traction on slump and SLR test 

angles are shown to be more effective on SLR improvement than slump heights in thirty 

patients with back pain diagnosis through disc herniation and radicular pain to the lower limb. 

The immediate improvement achieved may be gained by opening the intervertebral foramen 

and decreasing compression on nerve roots, yet the long term effect is unknown (Taghizadeh 

& Taghizadeh, 2006). Another relevant study by Cleland, Childs, Palmar and Eberhart (2006) 

included grades III and IV PA mobilisations, being applied to any lumbar vertebrae judged to 

be hypomobile, combined with a standardised exercise program, as a comparative 

intervention group to slump stretching in patients with non-radicular LBP. A significant 

improvement was found for patients who received slump stretching as part of their allocated 

intervention, however, participants were excluded if they exhibited a positive SLR test of less 

than 45°.  

 

Neural Convergence Point 

Louis (1981) investigated neurobiomechanics during spinal hyperflexion movement in 24 

fresh cadavers, finding the degree of neuromeningeal displacement varies with the level of 

the spinal column but converges towards two regions of maximum mobility, usually C6 and 

L4. The neuraxis and meninges do not move in relation to their spinal canal interface at the 

L4 myelomeres (a metameric segment of the vertebrate nervous system) and the roots of the 

cauda equina distal to the 4th lumbar roots (Louis, 1981; Smith, 1956). These putative 

regions in the cervical and lumbar spine are termed as a ‘neural convergence point’. When 

moving a body part or parts, the movement of the underlying nervous system is not 

necessarily in the same direction therefore creating the potential for aberrant neurodynamics. 

Butler (1991, p. 46) referred to this occurrence in the body as a ‘tension point’, created at 

places along the nervous system which apparently have minimal or no movement in relation 

to their surrounding structures. Furthermore, caudal movements of predominantly the L5 and 

S1 nerve roots and to some extent L4 and S2 has been induced during a SLR manoeuvre 

(Goddard & Reid, 1965).  

 
                                                
4 ‘Double Crush Syndrome’ is a condition where the presence of a more proximal lesion does seem to 

render the more distal nerve trunk more vulnerable to compression (Upton & McComas, 1973). 
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The SLR test can be positive when the site of dysfunction is extra or intra-neural. When an 

extra-neural nerve bed or mechanical interface produces a positive test, non-neural structures 

can be the source of symptoms (Butler, 1991, pp. 166-167). Interventions targeting extra-

neural mechanical interfaces, such as a hypomobile L4/5 intervertebral joint, could impair 

neurodynamic mobility in the lower limb, due to its close proximity to the lumbar neural 

convergence point. In particular, it is thought that a hypomobile facet joint can act as an 

anatomical ‘tunnel’ for the nerve root which is in close proximity to the intervertebral foramen, 

where proximal compression can result in fibrotic and hypoxic changes (Sunderland, 1991, 

pp. 467-497). A narrowed intervertebral foramen is considered a common example of a 

dysfunctional mechanical interface. The same situation applies in the presence of nerve 

tissue pathologically adhered to ligamentous or muscular tissue in vulnerable areas that are 

subject to increased tensile or frictional forces (Klingman, 1999). Hall and Elvey (1999) 

support this inference, stating that when adjacent non-neural structures are functioning in an 

optimal fashion they can reduce the mechanical forces placed on sensitive neural tissues. 

Anatomically, the dura mater is another structure that may directly affect the L4/5 

intervertebral joint, as it is firmly attached to the posterior longitudinal ligament at L4 and at a 

central level to the lumbar plexus (Parke & Watanbe, 1990). 

 

Effect of Thoracolumbar Fascia  

The shortening of connective tissue can cause pathomechanics of the central nervous 

system, the thoracolumbar fascia is a thin fibrous layer consisting of longitudinal and 

transverse connective tissue fibres covering the erector spinae muscle in the lumbar spine, 

blending together deep to the latissimus dorsi muscle, medially attaching to the thoracic 

spinous processes, laterally to the angles of ribs and inferiorly at the level of the serratus 

posterior inferior muscle. The vertebral aponeurosis is fused to form a continuous layer 

descending towards the sacrotuberous ligament (Loukas et al., 2007). Biomechanical 

dysfunction at an intersegmental level in the lumbar spine has been hypothesised to produce 

either referred pain or hamstring muscle insufficiency mediated via the thoracolumbar fascia 

(Hoskins & Pollard, 2005). The anatomical attachment of the hamstrings muscle through the 

thoracolumbar fascia functionally interconnects the lumbar spine, upper torso, shoulder and 

occiput (Barker & Briggs, 1999). Notably, the tendon of biceps femoris is continuous with the 

sacrotuberous ligament, passing across the sacrum and attaching to the thoracolumbar fascia 

(Vleeming, Pool-Goudzwaard, Stoeckart, van Wingerden, & Snijders, 1995). Therefore a 

determinant of peripheral joint motion may be the anatomical interconnection of these 

connective tissues, if shortened they may reduce hip flexion during a SLR procedure.  
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Summary of Literature Review 

This chapter has given a thorough background and review of published literature on spinal 

mobilisation and the treatment concept of clinical neurodynamics. There are few studies that 

are directly relevant to the proposed research question, “What is the effect of a PA lumbar 

mobilisation technique on neurodynamic mobility in the lower limb?” The literature review has 

reported another study investigating this hypothesis in the cervical spine, where a spinal 

mobilisation improved neurodynamic mobility in the upper limb and highlights the need to 

investigate whether an extra-neural mobilisation to the lumbar spine can affect lower limb 

neurodynamic mobility. The L4/5 intervertebral joint is a commonly addressed by practitioners 

of manual medicine because it is adjacent to the putative lumbar neural convergence point, 

however, there is a lack of research to support the clinical application of a PA lumbar 

mobilisation technique to influence neurodynamics in the lower limb. 
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Research Aim and Objectives 

 
Research Aim 

 

1. The primary aim of the study was to investigate the effects of a posterior-to-

anterior lumbar mobilisation technique, targeting the putative neural 

convergence point, at the L4/5 intervertebral joint on straight leg raise (SLR) and 

passive knee extension (PKE) measurements.  

 

Research Objectives 

 

1. To compare the effects of a lumbar mobilisation technique to the L4/L5 vertebrae 

with a sham technique and control intervention on SLR (SLRNF) and PKE 

(PKENF) measurements.  

 

2. To determine the duration of any initial improvements in neurodynamic flexibility 

through the application of the experimental, sham or control interventions, 

immediately and at a 48-hour follow-up period. 

 

3. To evaluate the role of a passive SLR test, either as a neurodynamic test to 

identify mechanosensitive neural tissue or as a measure of hamstring muscle 

length.  

 

4. To determine the effect of neck flexion (NF) during a SLR and PKE procedure as 

a structural differentiation test.  

 

5. To investigate the participant perceived benefit of either the lumbar mobilisation 

or sham technique after a one-month follow-up period. 

 

6. To quantify the measurement error and repeatability values of SLR, SLRNF, PKE 

and PKENF tests.  
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III 
 

METHODS 
 
Design 

A randomised, blinded, controlled experimental design was used in this study.  The study 

design and flowchart of participants is illustrated in Figure 1. Participants were randomly 

allocated into one of two groups (experimental or sham intervention). Randomisation was 

achieved using an online randomisation engine (http://www.randomization.com). Participants 

were blinded to group allocation in order to minimise treatment bias and were not aware of 

the existence of an intervention other than that received. A second round of recruitment was 

undertaken to allocate participants to a control group from the same sample population. 

 

Role of Personnel  

The principal investigator is a registered physiotherapist with nine years clinical experience. 

The principal investigator conducted all pilot proceedings and collected all data for the main 

study. Two research assistants assisted measurement procedures. Both assistants were in 

their final year of a post-graduate Master of Osteopathy programme. The research 

investigator and assistants were also blinded to intervention group allocation. A registered 

osteopath with 17 years clinical experience in treating musculoskeletal disorders was the 

operator in the study that delivered the experimental and sham intervention techniques. 

 

Participants 

Participants were recruited by way of convenience sampling through advertising posters 

displayed at Avondale Physiotherapy Clinic, Unitec Osteopathic Clinic and noticeboards in 

the School of Health Science at Unitec, New Zealand (NZ). 

 

Inclusion Criteria 

Participants were eligible to enroll in the study if they met all of the following criteria: 1) were 

male 2) were aged between 18 and 40 years; 3) demonstrated a limitation in neurodynamic 

ROM in one lower limb and asymmetry when testing right and left sides during a Slump test 

(Kostopoulos, 2004); 4) demonstrated a neurodynamic restriction during a straight leg raise 

(SLR) test of less than 90° hip flexion, in the same lower limb that had a neurodynamic 

restriction during the Slump test; 5) were asymptomatic healthy adults without exceptional 

motor skills.  

 

Only male participants were recruited to limit possible variations between gender (Kamil, 

Mosenthal, Pearson, & Barr, 2002, pp. 21-26). The lower age limit was set to avoid minors 

participating in this research without informed consent of their parent or guardian (Clark, 

Ricketts, & McHugo, 1999) and the upper age limit was set to minimise the likelihood of  
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Figure 1: Flowchart of Study Design 
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reduced spinal mobility due to increasing age (Daley, 2000). Prior to enrolment all participants 

completed a short screening questionnaire to determine eligibility to participate (Appendix A). 

To satisfy the third inclusion criterion prospective participants were screened for clinical signs 

of mechanically sensitive neural tissue through the application a Slump test (Herrington, 

Bendix, Cornwell, Fielden, & Hankey, 2007). The slump test evaluates the excursion of neural 

tissues within the vertebral canal and intervertebral foramen, detecting impairments to neural 

tissue mobility in the lower extremities (Butler, 2000, pp. 290-298).  

 

Exclusion Criteria 

Prospective participants were not eligible for enrolment in the study, if they presented with: 1) 

current or recent history of LBP; 2) limb length discrepancy greater than 1cm; 3) any lower 

limb neurological deficit (e.g. numbness, motor weakness, sensory paraesthesia); 4) clinical 

suspicion or diagnosis of disc herniation; 5) any history of lower limb or spinal surgery; 6) any 

hip, knee or ankle pathology causing limitation of movement (e.g. osteoarthritis); 7) any 

vascular impairment. Participants were asked to refrain from taking over the counter 

medications, avoid strenuous exercise, minimise any heavy physical activity and not receive 

any other form of manual therapy treatment on the day of data collection and over the 

subsequent follow-up period of 48 hours.  

 

Data Collection 

Procedures 

The data were collected over a five-month period (October 2007 to March 2008) in the 

research laboratory, School of Health Science, Unitec, NZ. The Unitec Research Ethics 

Committee granted ethical approval for this study (Appendix B). All prospective participants 

received an information sheet (Appendix A) outlining the study protocol and then signed a 

written consent form (Appendix A) to participate in the research. Demographic characteristics 

were collected including the participant’s age, weight, height, hip-to-waist ratio and lower limb 

with neurodynamic restriction. All participants attended an initial session of 45-minutes and a 

follow up session of 20-minute duration that was scheduled 48 hours after the first session.  

 

Repeated static stretching to hamstrings has been shown to produce temporary visco-elastic 

change, therefore to precondition the participant’s selected lower limb with neurodynamic 

restriciton three passive SLR manoeuvres were applied (Magnusson, Simonsen, Aagaard, 

Gleim, & McHugh, 1995). At the first session each participant was measured by the principal 

investigator before and after their allocated intervention. Outcome measurements were 

conducted prior to intervention in the following order: SLR, SLRNF, PKE and PKENF. The 

reverse order of PKE, PKENF, SLR, SLRNF was used for measurements immediately post 

intervention and 48 hours post-intervention to minimise logistical difficulties with placing 

research apparatus on participants. To reduce diurnal changes in SLR testing (Porter & 

Trailescu, 1990), the second session was undertaken at the same time of day as the first 
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session. A customised treatment plinth comprised of an adjustable hip board to maintain 90° 

hip flexion during a PKE test (Figure 2) was used. The head section of the table was pre-

measured in increments of 10° to approximate neck flexion angles, ranging from 0° to 60° 

(Figure 3). Neck flexion angles were determined by the participant’s perception of the onset of 

soft tissue stretch in the posterior aspect of their neck or thoracic spine. 

 

The endpoint marker used for all passive SLR or PKE ranges of motion was the onset of 

resistance (R1) or notable tension perceived by the participant (Maitland, 1986, pp. 66-68). 

Participants were familiarised with this R1 end point sensation through a practical 

demonstration. Participants then read a verbalisation protocol (Appendix B), which described 

the type and area of discomfort / sensation to expect. An audible clicker was used by the 

participant to indicate to the principal investigator the moment in time when the R1 end point 

was attained. 

 

Three trials were taken prior to intervention for each measure and the mean of these three 

trials were recorded to represent the pre intervention range of movement (preROM). A hand-

held dynamometer (model: Chatillon, Ametek, Inc., Largo, Florida, USA) was used to 

determine resistance to stretch (defined as passive torque, units: Nm). The passive torque 

was measured for all three pre intervention trials and the maximum torque recorded. The 

principal investigator then applied this maximum torque reading to achieve three post 

intervention trials for each measure. Applying the same amount of maximum passive torque 

pre and post intervention ensured the same resistance to stretch was used. The mean of 

these three trials was used to represent the post intervention range of movement (ROMpost). 

The mean of three pre and post trials were used to minimise measurement error.  

 

SLR and PKE ranges of motion were recorded using a calibrated electrogoniometer (Model: 

3DM, MicroStrain, Inc., Williston, Vermont, USA) interfaced with a personal computer running 

custom written data acquisition and analysis software (LabView, National Instruments, Austin, 

Texas, USA). Procedurally, the operator revealed the group allocation for each participant 

and then applied the lumbar mobilisation or sham technique as stipulated by the 

randomisation procedures. 
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Figure 2: PKE Measurement; the subject’s knee extension angle was recorded, whilst their 
hip is maintained at 90° flexion and contra-lateral leg fixed by a seatbelt  
 
 

 
 
Figure 3: PKENF Measurement; the subject’s knee extension angle was recorded with the 
addition of neck flexion as a structural differentiation test to decrease neurodynamic mobility 
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Experimental Intervention Technique 

The experimental group received a grade III posterior to anterior (PA) lumbar mobilisation as 

defined by Maitland’s mobilisation grading system (2001, pp. 175-176). The operator 

identified the L4/5 intervertebral joint line and then, using clinical judgment and palpation, 

selected the least mobile segment. The operator selected the spinous process of the least 

mobile L4 or L5 (L4/L5) segment before delivering a mobilisation technique through manual 

contact with the spine using a recognised “supported pisiform grip” (Maher & Adams, 1996). 

The operator then applied manual pressure in a PA direction for three 60-second periods with 

two intervening 20-second rest periods. The estimated force of PA technique applied was 

approximately 77 newtons5. In order to allow for normal anatomical variation between 

individuals and to mimic normal clinical practice, the operator was permitted to modify the 

direction of the PA pressure in accordance with their own clinical judgment to produce a more 

caudal or cephalad direction of force application. Participants were positioned prone (using a 

face hole to maintain a neutral neck position), with a conventional polyester pillow of 

approximately 5cm thickness positioned under the L1 to L5 vertebrae to maintain a neural 

lumbar lordosis (Figure 4).  

 

 

            
 
Figure 4.  Experimental Intervention; a participant receiving a grade III L4 spinal 
mobilisation technique, using a “supported pisiform grip” to apply manual pressure in a 
posterior-to-anterior direction 
 
                                                
5 This approximate value represents the mean measurement of ten PA mobilisation pressures produced 
by the operator using a pisiform grip on an electronic force dynamometer fixed to a plinth (Appendix C).   

Supported Pisiform Grip 
Pillow for Lumbar Support 

Posterior-to-anterior Direction 
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Sham Intervention Technique 

The sham group received a sham intervention technique, where the operator applied a 

supported contact applicator, over the lower lumbar vertebrae of the participant positioned 

prone (Figure 5). A pillow was placed under the abdomen for lumbar support. A passive 

manual force produced low amplitude lumbar oscillations movement in a lateral direction, 

rather than a posterior-to-anterior direction as per the lumbar mobilisation technique. The 

rhythmic motion of the sham intervention produced lateral movement of the skin and soft 

tissues overlying the L4/5 intervertebral joint, estimated to be of less than 2cm in amplitude. 

The intention of the operator was to cause minimal spinal motion and therefore have a 

minimal biomechanical effect on articular structures. 

 

During application of the experimental and sham procedures the operator listened to pre-

recorded audio ‘click tracks’ of a digital metronome, using a personal audio player. This 

procedure attempted to standardise the mobilisation or oscillation rate delivered to the 

participants and limit the variation in treatment doses being applied. Metronome tracks gave 

audible clicks for three one-minute periods with two twenty second rest periods and were set 

at 26 bpm (0.43Hz) for the experimental group and 60 bpm (1Hz) for the sham group. The 

presence of adverse symptoms was monitored during interventions and at no time was pain 

provoked.  
 
 

 

 
 
Figure 5.  Sham Intervention; a participant receiving a low-amplitude lumbar 
oscillation sham technique, using light rhythmic motion in a lateral direction 
 

Personal Audio Player 
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Control Group 

Participants allocated to the control group were recruited from the same sample population 

and were assessed for eligibility using the study’s inclusion and exclusion criteria. Twelve 

eligible participants were non-randomly allocated to the control group (Figure 1). The control 

group participants received the same procedures as conducted for the experimental and 

sham groups. Pre-conditioning manoeuvres were applied, then three pre ROM trials were 

undertaken and a maximum torque recorded. As for the experimental and sham groups, the 

control intervention involved participants lying in a prone position for 3 minutes 40 seconds 

with a pillow under the abdomen for lumbar support. No treatment technique was applied and 

the operator was not present in the research room during the control intervention period. The 

maximum torque recorded pre ROM was then used as the target for the three post 

intervention trials for each measure and a mean of these three trials was taken to represent 

the post intervention ROM. A control group was included in the study design to obtain 

baseline measures to clarify and improve the interpretation of study findings for the 

comparison with experimental and sham intervention groups.  

 

Outcome Measures 

Sciatic nerve and hamstring muscle lengths were estimated using SLR and PKE tests. 

Passive SLR range of motion was recorded as described by Hall et al. (2001). During this 

testing protocol the knee was maintained in full extension by a rigid knee extension brace 

(Knee ROM Brace, Allied Medical Limited, NZ) and the ankle maintained at 90° dorsiflexion 

using a rigid ankle splint (Plantar Fasciitis Night Splint, Allied Medical Limited, NZ) (Figure 6). 

During the SLR procedure the electrogoniometer readings of hip rotation and adduction were 

monitored, rather than using an vertical board, to ensure that the participant’s limb remained 

in the sagittal plane. 

 

To standardise the measurement, participants lay supine with their hands resting on their 

abdomen, cervical spine in neutral position placed on a single polyester pillow of 

approximately 5cm thickness, eyes closed and the opposite leg secured using a webbing 

strap to minimise hip flexion. The SLR was repeated with the addition of neck flexion (SLRNF) 

as a structural differentiation test (Figure 7). The PKE procedure (Figure 2) was conducted as 

above, but the subject’s hip was fixed to 90° against the customised hip board. The rigid knee 

extension brace was removed allowing the joint to be passively extended. This procedure 

was directly followed by the addition of neck flexion (PKENF) as a structural differentiation test 

(Figure 3). All measures were repeated three times and the mean of these values used to 

represent pre and post intervention ROM. 
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Figure 6: SLR Measurement; the subject’s hip flexion angle was recorded using an 
electrogoniometer and the force applied recorded in newtons using the dynamometer 
 
 

 
 
 
Figure 7: SLRNF Measurement; the subject’s hip flexion angle is recorded with the addition of 
neck flexion as a structural differentiation test, knee and ankle braces maintain neutral joint 
positions 
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Measurement Error 

Raw data recorded for the control group enabled an additional reliability test re-test study to 

estimate measurement errors for the usage of the dynamometer, electrogoniometer and 

cervical motion software. Three hip flexion angles during a SLR test and three knee extension 

angles during a PKE test were measured for the twelve control participants at the three 

follow-up periods: pre-intervention, immediately post-intervention and 48 hours post-

intervention.  

 

The measurement error (sw) was then calculated using the formula presented by Bland and 

Altman (1996), where sw = square root (mean within-subject variance). The mean within-

subject variance is represented by the residual mean square from a one-way analysis of 

variance. Repeatability was calculated as: 

 

Repeatability = √2 * 1.96 * sw  (equivalent to 2.77 * sw) 

 

Bland and Altman (1996) state the difference between two measurements for the same 

subject is expected to be less than 2.77 * sw for 95% of pairs of observations.  

 

Data Management and Analysis  

Raw data were managed using Microsoft Excel (Appendix C) and statistical analysis was 

performed using Statistical Package for the Social Sciences version 15.0 (SPSS Inc, 

Chicago, Illinois). Instead of the actual angle, a change score was calculated to minimise the 

influence of individual participant variability in the analysis. The mean change for Pre-Post 

was defined as the difference between post ROM value minus the pre ROM value for the 

individual participant, a pooled mean was used to represent the mean difference for each 

measure. The mean change for Post-48Hours was defined as the difference between the 48-

hour value minus the post ROM value for the individual participant. A pooled mean was used 

to represent the mean difference for each measure.  

 

Analysis of variance was calculated using a one-way ANOVA to assess differences between 

experimental, sham and control interventions. Tukey post-hoc contrasts were used to reveal 

differences between groups. An unpaired (independent) t-test was used to assess differences 

between intervention groups. A paired (dependent) t-test was applied to assess the stability of 

each measurement within intervention groups. 95% confidence intervals, p-values and 

Cohen’s effect sizes were calculated for all estimated differences (Table 2).  
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IV 
RESULTS 

 
This chapter presents the results of the data analysis procedures undertaken for this study.  

 

Participant Characteristics 

The participant characteristics for the experimental, sham and control intervention groups 

were comparable with respect to age, height, weight, waist to hip ratio, least mobile spinal 

segment and lower limb with neurodynamic restriction (Table 1).  

 

 
Table 1. Participant Characteristics 
 

 
 
 
 
The mean change and statistical analysis for each outcome variable between and within 

groups is summarised in Table 2. Table 3 displays post hoc planned contrasts identifying 

relevant estimated mean differences between the experimental, sham and control 

intervention groups. Table 4 displays the mean difference and statistical analysis between 

SLR versus SLRNF and PKE versus PKENF groups. All statistically significant p-values 

observed within, between groups and post hoc analysis (Table 2, 3 & 4) were displayed with 

a factorial value or Cohen’s effect size to describe the magnitude of difference between 

estimated mean changes (Cohen, 1992).

Variable Experimental Group (n=12) Sham Group (n=11) Control Group (n=12) p-value 

Age (yrs) 28.8 (7.4) 28.8 (7.7) 28.0 (7.7) 0.96 

Height (cm) 180.2 (6.9) 178.9 (6.5) 181.8 (5.6) 0.55 

Weight (kg) 79.3 (11.8) 75.4 (10.6) 77.5 (10.2) 0.7 

Waist to Hip Ratio † 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.46 

Least Mobile Spinal Segment  L4 n = 6; L5 n=6 L4 n = 5; L5 n=6 N/A 0.8 
Lower Limb with Neurodynamic 
Restriction Left n = 5; Right n = 7 Left n = 6; Right n = 5 Left n = 6; Right n = 6 0.7 
Participant Perceived Treatment 
Benefit †† Yes n = 7; No n = 5 Yes n = 4; No n = 7 N/A 0.3 

Notes:  
All data are mean change (standard deviation), unless stated 
† Increased health risk associated with a waist to hip ratio >0.95 
†† Participant response to a one-month follow-up question emailed to experimental and sham groups; 
“Do you feel you received any immediate benefit following the treatment applied by the operator?” 
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Table 2. Descriptive & Statistical Analysis Between and Within Intervention Groups 

Outcome 
Measure

Exp 
Group 
Mean 
(SD)

Sham 
Group 
Mean 
(SD)

Control 
Group 
Mean 
(SD) p F

Exp 
Group 
Mean 
(SD)

Sham 
Group 
Mean 
(SD)

Control 
Group 
Mean 
(SD) p F

Mean 
Diff. (SD) CI p d.

Mean 
Diff. (SD) CI p d.

Mean 
Diff. 
(SD) CI p d.

SLR 14.7 (8.8) 11.7 (8.8) -0.3 (5.3) <0.001 12.5 2.3 (5.5) -4.2 (9.5)  -1.2 (3.3) 0.074 2.8  -12.5 (9.6) (6.4,18.5) 0.001 1.7 (large) -15.9 (15.7) (5.4,26.5) 0.01 1.7 (large)  -0.9 (4.9)  (-2.3,3.9) 0.56 0.2 (small)

SLRNF 13.2 (10.2)11.5 (10.8) 0.3 (6.1) 0.003 6.9 1.5 (8.0) -1.4 (9.8)  -1.2 (4.8) 0.6 0.5  -11.7 (13.4)(3.2,20.3) 0.01 1.3 (large) -12.9 (17.6) (1.1,24.7) 0.04 1.2 (large) -1.5 (10.2) (-5.0, 7.9) 0.63 0.3 (small)

PKE 2.5 (6.2) 0.01 (6.3)  -1.2 (6.6) 0.36 1.0 2.1 (7.5) 1.0 (5.2)  -1.3 (4.9) 0.4 1.0  -0.4 (12.8) (-7.7,8.5) 0.9 0.06 (trivial)  1.0 (9.8) (-7.6,5.6) 0.7 0.2 (small)  -0.1 (8.4) (-5.3, 5.4) 0.98 0.01 (trivial)

PKENF 8.2 (6.9) 0.2 (6.1) 0.6 (5.0) 0.004 6.6  -1.1 (9.0) 3.1 (5.5)  -1.5 (5.8) 0.24 1.5  -9.3 (13.1) (0.9,17.6) 0.03 1.2 (large)  2.9 (8.5) (-8.6,2.8) 0.29 0.5 (small)  -2.1 (7.9) (-2.9,7.1) 0.38 0.4 (small)

Analysis Within Groups

Intervention 
Period 

Pre-Post vs Post-48Hrs Pre-Post vs Post-48Hrs Pre-Post vs Post-48Hrs 

Exp Group Sham Group Control Group 

Mean change in degrees (mean); Standard Deviation (SD), post value minus pre value (Pre-Post), 48-hour value minus post value (Post-48Hrs), Experimental Group (Exp), mean difference between Post-48 hrs minus Pre-Post (Pre-Post vs Post-
48 Hrs), Mean Difference Between Groups (Mean Diff.), Confidence Interval (CI), p value is caluated from one-way ANOVA for between groups and paired t-test for within groups, Factorial value (F), cohen’s effect size ( d.) (Cohen, 1992), straight
leg raise (SLR), straight leg raise with neck flexion (SLRNF), passive knee extension (PKE), passive knee extension (PKENF)

Pre-Post Post-48Hrs

Analysis Between Groups
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Table 3: Post Hoc Statistical Analysis Between Intervention Groups 

Invention Period Intervention Group Mean Difference Standard Error 95% Confidence Interval p value Effect Size d.
Lower Bound Upper Bound

SLR Pre-Post Exp
Sham 3.0 3.2 -5.0 11.0 0.63 0.34 (small)
Control 15.0 3.2 7.2 22.8 <0.001 2.14 (very large)
Sham   
Exp -3.0 3.2 -11.0 5.0 0.63 0.34 (small)
Control 12.1 3.2 4.1 20.1 0.002 1.7    (large)
Control
Exp -15.0 3.2 -22.8 -7.2 <0.001 2.14 (very large)
Sham -12.1 3.2 -20.0 -4.1 0.002 1.7   (large)

SLR Post-48Hrs Exp
Sham 6.5 2.7 -0.2 13.1 0.06 0.86 (moderate)
Control 3.4 2.7 -3.1 10.0 0.41 0.78 (moderate)
Sham
Exp -6.3 2.7 -13.1 0.2 0.06 0.86 (moderate)
Control -3.0 2.7 -9.7 3.7 0.51 0.47 (small)
Control
Exp -3.4 2.7 -10.0 3.1 0.41 0.78 (moderate)
Sham 3.0 2.7 -3.7 9.7 0.51 0.47(small)

SLRNF Pre-Post Exp
Sham 1.7 3.8 -7.7 11.2 0.89 0.16 (trivial)
Control 12.9 3.8 3.7 22.2 0.005 1.6   (large)
Sham
Exp -1.7 3.8 -11.2 7.7 0.89 0.16 (trivial)
Control 11.2 3.8 1.7 20.7 0.017 1.3   (large)
Control
Exp -12.9 3.8 -22.2 -3.7 0.005 1.6 (large)
Sham -11.2 3.8 -20.7 -1.7 0.017 1.3 (large)

SLRNF Post-48Hrs Exp
Sham 2.9 3.2 -5.1 10.9 0.65 0.3 (small)
Control 2.6 3.2 -5.1 10.4 0.69 0.4 (small)
Sham
Exp -2.9 3.2 -10.9 5.1 0.65 0.3   (small)
Control -0.3 3.2 -8.2 7.7 0.997 0.03 (trivial)
Control
Exp -2.6 3.2 -10.4 5.1 0.69 0.4   (small)
Sham 0.3 3.2 -7.7 8.2 0.997 0.03 (trivial)

PKE Pre-Post Exp
Sham 2.5 2.7 -4.1 9.0 0.63 0.4 (small)
Control 3.7 2.6 -2.7 10.2 0.34 0.6 (moderate)
Sham
Exp -2.5 2.7 -9.0 4.1 0.63 0.4 (small)
Control 1.3 2.7 -5.3 7.8 0.89 0.2 (small)
Control
Exp -3.7 2.6 -10.2 2.7 0.34 0.6 (moderate)
Sham -1.3 2.6 -7.8 5.3 0.89 0.2 (small)

PKE Post-48Hrs Exp
Sham 1.1 2.5 -5.1 7.2 0.9 0.2 (small)
Control 3.4 2.4 -2.6 9.4 0.36 0.5 (small)
Sham
Exp -1.1 2.5 -7.2 5.1 0.9 0.2 (small)
Control 2.3 2.5 -3.8 8.5 0.63 0.5 (small)
Control
Exp -3.4 2.4 -9.4 2.6 0.36 0.5 (small)
Sham -2.3 2.5 -8.5 3.8 0.63 0.5 (small)

PKENF Pre-Post Exp
Sham 8.0 2.5 1.8 14.2 0.009 1.2 (large)
Control 7.6 2.5 1.6 13.7 0.011 1.3 (large)
Sham
Exp -8.0 2.5 -14.2 -1.8 0.009 1.2   (large)
Control -0.4 2.5 -6.6 5.8 0.99 0.06 (trivial)
Control
Exp -7.6 2.5 -13.7 -1.6 0.011 1.3   (large)
Sham 0.4 2.5 -5.8 6.6 0.99 0.06 (trivial)

PKENF Post-48Hrs Exp
Sham -4.1 2.9 -11.3 3.0 0.34 0.6   (moderate)
Control 0.5 2.9 -6.5 7.5 0.99 0.06 (trivial)
Sham
Exp 4.1 2.9 -3.0 11.3 0.4 0.6 (moderate)
Control 4.6 2.9 -2.6 11.8 0.27 0.8 (moderate)
Control
Exp -0.5 2.9 -7.5 6.5 0.99 0.06 (trivial)
Sham -4.6 2.9 -11.8 2.6 0.27 0.8   (moderate)

i) Mean difference is calculated between the relevant intervention group and the bolded mean immediately above
ii) Cohen’s (1992) effect size (d.) is calculated from the mean difference between relevant intervention groups 
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Effect of Experimental, Sham and Control Interventions on SLR Measurements  

Participants receiving the lumbar mobilisation technique (n=12) increased their range of SLR 

from pre-post intervention by a mean change of 14.7° with a standard deviation (SD) of 8.8°. 

Participants in the sham intervention group (n=11) demonstrated an increase of their pre-post 

SLR range by a mean change (SD) of 11.7° (8.8°) (Table 2, Figure 8). Post hoc analysis 

identified that this 3.0° mean difference with a standard error (SE) of 3.2 between 

experimental and sham group means was not statistically significant (95% CI -5.0° to 11.0°, 

post hoc p=0.63, d=0.34 ‘small’) (Table 3). Participants in the control group (n=12) 

demonstrated no improvement in their pre-post SLR range (mean change= -0.3°, SD=5.3°). 

Comparison between the experimental, sham and control groups revealed a significant 

difference (one-way ANOVA p<0.001, F=12.5, degrees of freedom (df)=2) (Table 2). Post hoc 

analysis identified these differences were between the experimental and control group by a 

mean difference (SE) of 15.0° (3.2°) (95% CI 7.2° to 22.8°, post hoc p<0.001, d=2.14 ‘very 

large’) and the sham and control group by a mean difference (SE) of 12.1° (3.2°) (95% CI 

4.1° to 20.1°, post hoc p=0.002, d=1.7 ‘large’) (Table 3).  

 

Effect of Experimental, Sham and Control Interventions on SLRNF Measurements  

Participants receiving the lumbar mobilisation technique increased their range of SLRNF from 

pre-post intervention by a mean change (SD) of 13.2° (10.2°), participants in the sham 

intervention group also demonstrated an increase of their pre-post SLRNF range by a mean 

change (SD) of 11.5° (10.8°) (Table 2, Figure 9). Post hoc analysis identified that the 1.7° 

mean difference (SE=3.8°) between experimental and sham was not statistically significant  

(95% CI -7.7° to 11.2°, post hoc p=0.89, d=0.16 ‘trivial’) (Table 3). Participants in the control 

group showed no improvement in their SLRNF range pre-post intervention (mean 

change=0.3°, SD=6.1°). Comparison between the experimental, sham and control groups 

shows a statistically significant difference (one-way ANOVA p<0.003, F=6.9, df=2) (Table 2). 

Post hoc analysis identified these differences were between the experimental and control 

group by a mean difference (SE) of 12.9° (3.8°) (95% CI 3.7° to 22.2°, post hoc p=0.005, 

d=1.6 ‘large’) and the sham and control group by a mean difference (SE) of 11.2° (3.8°) (95% 

CI 1.7° to 20.7°, post hoc p=0.017, d=1.3 ‘large’). 
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Figure 8: Mean Change in SLR Measurements for all Interventions Groups (Note error bars = SD) 
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Figure 9: Mean Change in SLRNF Measurements for all Intervention Groups (Note error bars = SD)



 

 44 

Effect of Experimental, Sham and Control Interventions on PKE Measurements 

Participants receiving the lumbar mobilisation technique demonstrated a small, non-

significant increase in their range of PKE from pre-post intervention by a mean change (SD) 

of 2.5° (6.2°). Participants in the sham intervention group demonstrated no increase in their 

pre-post PKE range (mean change=0.01°, SD=6.3°), as did participants in the control group 

(mean change=-1.2°, SD=6.6°) (Table 2, Figure 10). Comparison between the experimental, 

sham and control groups revealed no statistically significant difference (one-way ANOVA 

p=0.36, F=1.0, df=2) (Table 2).  

 

Effect of Experimental, Sham and Control Interventions on PKENF Measurements  

Participants receiving the lumbar mobilisation technique increased their range of PKENF from 

pre-post intervention by a mean change (SD) of 8.2° (6.9°). Participants in the sham 

intervention group demonstrated no increase of their pre-post PKENF range (mean 

change=0.2°, SD=6.1°), as did participants in the control group (mean change=0.6°, SD=5.0) 

(Table 2, Figure 11). Comparison between the experimental, sham and control groups 

revealed a statistically significant difference (one-way ANOVA p=0.004, F=6.6, df=2) (Table 

2). Post hoc analysis identified these differences were between the experimental and sham 

groups by a mean difference (SE) of 8.0° (2.5°) (95% CI 1.8° to 14.2°, post hoc p=0.009, 

d=1.2 ‘large’) and the experimental and control group by a mean difference (SE) of 7.6° (2.5°) 

(95% CI 1.6° to 13.7°, post hoc p=0.011, d=1.3 ‘large’) (Table 3).  
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Figure 10: Mean Change in PKE Measurements for all Intervention Groups (Note error bars = SD) 
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Figure 11: Mean Change in PKENF Measurements for all Intervention Groups (Note error bars = SD)
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Effect of Experimental, Sham and Control Interventions on SLR at 48 Hours Follow-up 

At 48 hours post intervention, analysis of SLR range of motion between the experimental, 

sham or control groups demonstrated no statistically significant difference (one-way ANOVA 

p=0.074, F=2.8, df=2) (Table 2). Participants receiving the lumbar mobilisation technique 

demonstrated a small, non-significant increase in their range of SLR by a mean change (SD) 

of 2.3° (5.5°). Furthermore at 48 hours post intervention, participants in the sham intervention 

group demonstrated a small, non-significant decrease in their SLR range by a mean change 

(SD) of -4.2° (9.5°), as did participants in the control group (mean change=-1.2°, SD=3.3°) 

(Table 2, Figure 8). After 48 hours post-intervention any improvements demonstrated through 

the application of the experimental or sham intervention techniques were no longer evident. 

Further analysis within the experimental group confirms a significant decrease between the 

pre-post versus post-48hours SLR ranges, a mean difference (SD) of -12.5° (9.6°) (CI 6.4° to 

18.5°, paired t-test p=0.001, d=1.7 ‘large’) and for the sham group a decrease in the mean 

difference (SD) of -15.9° (15.7°) (CI 5.4° to 26.5°, paired t-test p=0.01, d=1.7 ‘large’) (Table 

2).  

 

Effect of Experimental, Sham and Control Interventions on SLRNF at 48 Hours Follow-up 

After 48 hours post intervention, analysis of SLRNF range of motion between the 

experimental, sham or control groups demonstrated no statistically significant difference (one-

way ANOVA p=0.6, F=0.5, df=2) (Table 2). Participants receiving the lumbar mobilisation 

technique showed a non-significant increase of their range of SLRNF from post-48Hrs 

intervention by a mean change (SD) of 1.5° (8.0°). Participants in the sham intervention group 

showed a decrease of their post-48hrs SLR range (mean change=-1.4°, SD=9.8°), as did 

participants in the control group (mean change=-1.2°, SD=4.8°) (Figure 9). Further analysis 

within the experimental and sham groups confirmed a significant decrease in the mean 

difference when comparing the pre-post versus post-48hours SLRNF ranges for experimental 

group, a mean change (SD) of -11.7° (13.4°) (95% CI 3.2° to 20.3°, paired t-test p=0.01, 

d=1.3 ‘large’) and a mean change (SD) of -12.9° (17.6°) for the sham group (95% CI 1.1° to 

24.7°, paired t-test p=0.04, d=1.2 ‘large’) (Table 2).  
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Effect of Experimental, Sham and Control Interventions on PKE at 48 Hours Follow-up 

After 48 hours post intervention, analysis of PKE range of motion between the experimental, 

sham or control groups demonstrated no statistically significant difference (one-way ANOVA 

p=0.4, F=1.0, df=2) (Table 2). Further analysis between the pre-post versus post-48hours 

PKE ranges identified a small non-significant difference between all group means (paired t-

test p>0.7, d<0.2 ‘small’) (Table 2).  

 

Effect of Experimental, Sham and Control Interventions on PKENF at 48 Hours Follow-up 

At 48 hours post intervention, analysis of PKENF range of motion between the experimental, 

sham or control groups demonstrated no statistically significant difference (one-way ANOVA 

p=0.24, F=1.5, df=2) (Table 2). However, further analysis within the experimental group 

confirms a significant decrease between the pre-post versus post-48hours PKENF ranges, a 

mean difference (SD) of -9.3° (13.1°) (95% CI 0.9° to 17.6°, paired t-test p=0.03, d=1.2 

‘large’). Participants in the sham and control groups demonstrated no change of their pre-post 

versus post-48hours PKENF ranges (paired t-test p>0.29, d<0.5 small) (Table 2). 

 

Effect of Experimental, Sham and Control Interventions on SLR and PKE Measurements  

Participants receiving the lumbar mobilisation technique demonstrated a significant increased 

range of SLR from pre-post intervention by a mean change (SD) of 14.7° (8.8°) (Figure 8), as 

did participants in the sham group by a mean change (SD) of 11.7° (8.8°) (one way ANOVA 

p=<0.001, F=12.5, df=2) (Table 2). However, participants receiving the lumbar mobilisation 

technique demonstrated a non-significant increase in their range of PKE from pre-post 

intervention by a mean change (SD) of 2.5° (6.2°) (Figure 10), as did participants in the sham 

group by a mean change (SD) of 0.01° (6.3°) (one way ANOVA p=0.36, F=1.0, df=2). 

Analysis of participants within the control group demonstrated no significant differences for 

SLR range of motion between pre-post versus post-48hours values (paired t-test p=0.56, 

d=0.2 ‘small’) and PKE ranges (paired t-test p=0.98, d=0.01 ‘trivial’) (Table 2). 
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Effect of Neck Flexion as a Structural Differentiation Test on SLR and PKE Measurements 

There were no differences between SLR and SLRNF measurements for the experimental, 

sham and control groups, immediately and after 48-hours post intervention (Table 4). Study 

findings confirm that the addition of neck flexion as a structural differentiation test did not 

significantly reduce the pre-post SLR ranges for participants receiving the lumbar mobilisation 

technique (mean difference=1.5°, standard error (SE)=3.9°, 95% CI -6.6° to 9.6°, unpaired t-

test p=0.95, d=0.16 ‘trivial’) or effect SLR versus SLRNF ranges in the sham group (mean 

difference=0.2°, SE=4.2°, 95% CI -8.5° to 9.0°, unpaired t-test p=0.55, d=0.02 ‘trivial’). The 

post-48hrs range of motion for SLR versus SLRNF also demonstrated a non-significant 

difference for the experimental group (unpaired t-test p=0.2, d=0.1 ‘trivial’) and sham group 

(unpaired t-test p=0.9, d=0.3 ‘small’) (Table 4). 

 

There were also no differences between PKE and PKENF measurements for the 

experimental, sham and control groups, immediately and after 48-hours post intervention. 

The addition of neck flexion did not significantly reduce the pre-post PKE ranges for 

participants receiving the lumbar mobilisation technique (mean difference=-5.7° SE=2.7°, 

95% CI -11.3° to -0.2°, unpaired t-test p=0.85, d=0.9 ‘moderate’) or effect PKE versus PKENF 

ranges in the sham group (mean difference=-0.2°, SE=2.6°, CI -5.7° to 5.3°, unpaired t-test 

p=0.77, d=0.03 ‘trivial’). The post-48hrs range of motion PKE versus PKENF also 

demonstrated a non-significant difference for the experimental group (unpaired t-test p=0.6, 

d=0.1 ‘trivial’) and sham group (unpaired t-test p=0.8, d=0.4 ‘small’) (Table 4).  

 

One-month Follow-up Question 

Participants in both the experimental (58%, n=7) and sham (36%, n=4) intervention groups 

reported a perceived benefit in response to receiving their allocated treatment technique, 

whereas 42% (n=5) of participants in the experimental group perceived the intervention to be 

of no immediate benefit (Table 1). The participants’ perceptions regarding treatment response 

were recorded via an emailed question one-month post-intervention. There were no adverse 

or side effects reported by participants. 

 

Measurement Error and Repeatability Values of SLR, SLRNF, PKE and PKENF  

The measurement error for measuring hip flexion angles during a SLR test in this study was 

8.1° and for SLRNF 8.0°. The measurement error for measuring knee extension angles during 

a PKE test was 10.9° and PKENF 11.2°. The repeatability of measuring angles of the four 

outcome measures used in the study were SLR 22.5°, SLRNF 22.3°, PKE 30.0° and PKENF 

30.85°. The hand-held dynamometer had an accuracy of ± 2.2 newtons (Chatillon, 2008). 
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 Table 4. Descriptive & Statistical Analysis between SLR versus SLRNF and PKE versus PKENF 
  

Intervention 
Period 

Mean 
Difference 
(SE) CI p d.

Mean 
Difference 
(SE) CI p d.

Mean 
Difference 
(SE) CI p d.

Pre-Post 1.5 (3.9) (-6.6,9.6) 0.95 0.16 (trivial) 0.2 (4.2) (-8.5,9.0) 0.55 0.02 (trivial)  -0.6 (2.3) (-5.4,4.2) 0.48 0.1 (trivial)

Post-48Hrs 0.8 (2.8) (-5.0,6.6) 0.2 0.1 (trivial)  -2.8 (4.1) (-11.4,5.8) 0.9 0.3 (small) 0.0 (1.7)(-3.5, 3.5) 0.27 0.0 (trivial)

Pre-Post  -5.7 (2.7) (-11.3,-0.2) 0.85 0.9 (mod)  -0.2 (2.6) (-5.7,5.3) 0.77 0.03 (trivial)  -1.8 (2.4)(-6.8, 3.2) 0.19 0.3 (small)

Post-48Hrs 3.2 (3.4) (-3.8,10.2) 0.6 0.1 (trivial)  -2.1 (2.3) (-6.8,2.7) 0.8 0.4 (small) 0.2 (2.2) (-4.3,4.7) 0.55 0.04 (trivial)

Outcome 
Measure

SLR vs SLRNF 

Exp Group Sham Group Control Group 

Experimental Group (Exp), Standard Error (SE), post value minus pre value (Pre-Post), 48-hour value minus post value (Post-48Hrs), Confidence Interval
(CI), p value is caluated from a unpaired t-test, Cohen’s (1992) effect size (d.), moderate (mod), straight leg raise (SLR), straight leg raise with neck flexion
(SLRNF), passive knee extension (PKE), passive knee extension (PKENF)

PKE vs PKENF 

Exp Group Sham Group Control Group 
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V 

DISCUSSION 

 

This chapter reviews and interprets the findings of this research study in the context of current 

literature.  

 

Interpretation of Study Findings 

Effect of a Lumbar Mobilisation Technique on SLR and PKE Measurements 

In the concept of clinical neurodynamics, normal mechanics and physiology of the nervous 

system are dynamically interdependent (Shacklock, 1995a, pp. 123-131). Mechanical treatment 

to a selected spinal joint may influence associated neural tissue structures and improve 

neurodynamic mobility in the lower limb, Shacklock (2005, p. 12) proposes using treatment 

techniques as an “opening mechanism” to increase the space around the neural structure. The 

L4/5 intervertebral joint is anatomically adjacent to a putative ‘lumbar neural convergence point’ 

(Louis, 1981), providing the clinical rationale for selecting these segments as the site of 

mobilisation to optimise the neurodynamic mobility of neural tissue. The research findings of the 

current study indicate that the application of a L4/L5 lumbar mobilisation technique significantly 

improved the pre-post ranges of movement for SLR and SLRNF. This finding in asymptomatic 

male participants, exhibiting mechanosensitive neural tissue, supports Shacklock’s hypothesis. 

The observed improvements in SLR and SLRNF measurements may suggest that a practitioner 

can influence associated neural tissue structures lying adjacent to this selected spinal joint and 

improve neurodynamic mobility in the lower limb.  

 

There have been a number of previous studies using a range of other techniques e.g. Mulligan 

leg traction (Hall et al., 2001), hamstring massage (Hopper et al., 2005) and hamstring 

stretching (Worrell, Smith, & Winegardner, 1994) to improve SLR in asymptomatic people, 

typical increases in SLR in these studies ranged from 11° to 13°. This current study has 

identified that an extra-neural mobilisation is another manual medicine technique that can 

improve SLR in this sample population. Although a single case study has been published by 

Klingman (1999), there appears to be no other formal investigation into the effect of a PA 

mobilisation technique to the lumbar spine on lower limb neurodynamic mobility.  

 

The improved SLR range found in this current study indicates that a practitioner may be able to 

influence the neurodynamic properties of the peripheral nervous system. However, these 

demonstrated results do not address which mechanism or mechanisms may be responsible for 

this improved range. Changes in biomechanical or neurophysiological properties of nervous 

tissue may offer an explanation for the increased SLR measurements found in this current study 

(Shacklock, 2005, pp. 3-4). In the context of the current study, the treatment concept of 

neurodynamics postulates that normal mechanical and physiological function of nervous tissue 

will permit normal movement and postures (Shacklock, 2007). Therefore impairment in these 
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biomechanical or neurophysiological properties could have limited a participant’s neurodynamic 

motion, as assessed through their restrictive findings to SLR and slump tests. The exact 

contribution of these properties to explain SLR improvements, or even their combined 

contribution is unknown. Determining the involvement of the biomechanical or 

neurophysiological properties responsible for neurodynamic change is a question not readily 

answered through simple ROM outcome measures recorded in this current study. The findings 

of both Saranga et al. (2003) and Vicenzino, Collins, & Wright (1996) support a more 

neurophysiological basis for the effect of extra-neural mobilisation rather than a purely 

mechanical role. However, no direct measures of physiological function were utilised by these 

authors to investigate this proposed hypothesis. 

 

The results of the current study are consistent with the findings of Saranga et al. (2003) who 

investigated an extra-neural mobilisation technique in the cervical spine on neurodynamic 

mobility in the upper limb. They proposed that a spinal mobilisation technique could affect the 

mechanical interface at the intervertebral foramen thus increasing the movement of the neural 

tissue passing through this space. Consistent with this hypothesis, Penning (1992) and 

Taghizadeh & Taghizadeh (2006) suggested that when the “dynamic roominess” around the 

nerve root has been increased, it results in decompression of the nerve root and improved 

neural movement at the interface. After intervention participants in the current study exhibited 

increased neurodynamic SLR range of motion and therefore a reduction in the immobility of their 

mechanosensitive neural tissue. However, it is unknown if this change occurred through a 

dysfunctional mechanical interface at L4/5 nerve roots or at a dysfunctional interface distal to the 

nerve root. The results of this current study support the proposed mechanical, electrical and 

chemical continuity of the nervous system  (Butler, 2000, p. 100). Practitioners of manual 

medicine may be advised to examine the extra-neural structures along the entire neural tissue 

tract, exhibiting increased mechanosensitivity, to clinically address neurodynamic impairment. 

 

Of interest, Katavich (1998) and Dishman et al. (2002) have observed lower motor neuron pool 

activation of paraspinal muscles following for the use of higher grade V lumbar mobilisation 

technique (spinal manipulation). A recent study has investigated any reduction in para-vertebral 

muscular activity following the application of a lower grade III PA lumbar mobilisation to L3. In 

their study, Krekoukias, Petty, & Cheek (2007) demonstrated a statistically significant decrease 

in the surface electromyography activity of the erector spinae muscles of an asymptomatic 

population. 

 

In light of this research finding, it may be plausible in the current study that a lumbar mobilisation 

technique to L4 or L5 may reduce para-vertebral muscle activity and also the myoelectric tone of 

muscles supplied by nerves emergent from the same vertebral levels. Therefore the nerves 

emergent from the L4/5 segments may reduce the muscle activity of the hamstrings following a 

PA lumbar mobilisation, as used in the experimental group of this current study. This 
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hypothetical diminished muscle tone of a participant’s hamstrings may have allowed a greater 

range of hip flexion during a passive SLR test and could therefore mimic the improved 

compliance of neural tissue. However, it is important to note that surface electromyography was 

not recorded over the paraspinal or hamstring muscles in this current study following either a 

lumbar mobilisation or the sham technique.  

 

Comparative Effect of Sham and Control Intervention 

The results of this current study demonstrate that the sham technique had an equivalent effect 

on pre-post ranges of movement for SLR and SLRNF as the lumbar mobilisation technique. 

Although a movement based sham technique was applied to the lumbar spine without intending 

to elicit any therapeutic or mechanical effect, a change in ROM did occur. Therefore, these 

findings may indicate that a ‘placebo effect’ has been demonstrated within the sham intervention 

group. Wall (1996, p. 163) states that “The placebo is a powerful and widespread phenomenon 

which cuts the apparently inevitable link between the physical stimulus and the perceived 

sensory response”. Mechanisms to explain this phenomenon involve the activation of the limbic 

system and central processing centres (Wall, 1994, pp. 1297-1307).  

 

The aim of the sham technique utilised in the current study was to produce a minimal effect on 

SLR and SLRNF measurements. Therefore the passive manual force applied was superficial and 

produced a non-segmental motion in a lateral direction without PA joint articulation. During the 

application of the sham technique the operator had the intention of causing minimal spinal 

motion and therefore a minimal biomechanical effect on articular structures was expected, 

however a mobilisation effect of extra-neural tissues may have still of occurred. The results of 

the control intervention group demonstrated no ‘real changes’ to SLR and PKE measurements. 

The fact that no manual intervention technique was applied to articulate the lumbar spine during 

the control intervention period may explain this finding. This lack of improvement in SLR and 

PKE range through the control group may indicate that a biomechancial or placebo response 

may have occurred in the sham intervention group.  

 

Interestingly, like this current study another investigation employing a manual medicine 

technique has reported increased SLR measurements through the application of a sham 

technique. This previous study by Hall et al. (2006) investigated the effects of a single 

application of the Mulligan bent leg raise (traction) technique versus a placebo technique (soft 

tissue release of the foot), the authors found both interventions significantly improved SLR. The 

results of the current study are consistent with those of Hall et al. (2006) even though different 

sham techniques were used. The sham techniques in both studies were not aimed at structures 

that might be expected to have a mechanical effect on SLR range, yet still produced a change in 

range, most likely through a placebo response. Furthermore, it could be argued from this 

comparison that improvements observed following the lumbar mobilisation technique in this 

current study could also be attributed to a placebo response, rather than a biomechanical 
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change through joint articulation. This idea is supported by the fact that improvements recorded 

in SLR and SLRNF measurements exceeded the magnitude of measurement error, therefore a 

real effect was recorded in both the experimental and sham groups.  

 

There are several biomechanical or physical mechanisms that may explain the increase in range 

of SLR and SLRNF observed following the application of the sham intervention. Hall et al. (2001) 

propose that changes in SLR ROM can be mediated via paravertebral muscle stretch reflexes 

and mechanoreceptors in the lumbar facets. It may also be conceivable that oscillatory motion of 

the sham technique produced a form of myofascial release, affecting lower limb flexibility 

through the anatomical relationship of the hamstrings with the thoracolumbar fascia (Barker & 

Briggs, 1999). Participants receiving the sham intervention may have responded to the 

therapist’s touch, where face to face interaction with a practitioner of manual medicine could be 

associated with expectations of a biomechanical response. Participants in this current study 

were recruited and consented to the randomised procedure they were assigned to receive, yet 

were not informed of the existence of a sham technique group being included in the study 

design. Therefore participants were not influenced by knowledge of another intervention group. 

The face validity of the sham technique was enhanced; as participants were not wondering 

which group they were assigned to or concerned regarding the effectiveness of the intervention. 

For example, if a participant knows what to expect this may influence the measured effect and is 

known as a ‘participant expectation bias’ (Delgado-Rodríguez & Llorca, 2004). 

 

Interestingly, 36% of participants in the sham group perceived a therapeutic benefit following the 

technique, when responding to a one-month follow-up question. This finding supports the 

premise that a placebo response had occurred. One explanation for the observed placebo could 

be the encounter with the certified operator dressed in professional attire who performed a 

therapeutic technique to the participant in a clinical manner. The influence of professional 

contact between the operator and participant can’t be underestimated and is the key component 

missing from the control intervention used in this current study. The placebo effect is thought to 

be strongly influenced by the participant’s expectations, as well as the enthusiasm and the 

charisma of the practitioner (Vicenzino et al., 1996). Therefore these effects may have been 

operant in this current study through the face to face interaction with a well attired, professional 

and enthusiastic practitoner.  

 

The ‘white coat’ effect has been reported by several studies where respondents overwhelmingly 

favour physicians in professional attire. This attire may favourably influence the degree of trust 

and confidence of the participant in their encounter with the healthcare professional (Bo et al., 

2008; Rehman, Nietert, Cope, & Kilpatrick, 2005). This single contact with the operator could 

have created expectation bias, however, more contact time is normally needed in a therapeutic 

scenario to establish a patient-therapist relationship. In a therapeutic clinical setting, Beattie and 

Nelson (2008) have recognised the quality of the patient-therapist relationship, noting its strong 
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influence upon the degree to which a patient values the care that he or she has received, in 

addition to the effectiveness of the specific interventions utilised. 

 

The sham technique performed in this current study appears similar to a documented harmonic 

technique to the lumbar spine as published in a manual medicine textbook entitled ‘Harmonic 

Technique’ (Lederman, 2000, pp. 112-113). However, this harmonic technique is not the same 

as the sham technique, even though a similar pressure is used over the lumbar region in a 

lateral direction whilst the patient is positioned prone. The harmonic technique requires a 

practitioner, with therapeutic intention, to deliver a strong rhythmic motion across a greater ROM 

continuously over several minutes. This classic osteopathic treatment concept was described 

and developed by Lederman (2000). The neurophysiologic effects of such a technique are 

speculated to reset normal postural muscle tone through repetitive rhythmic afferent input 

(Comeaux, 2005).  

 

The sham technique in this current study showed a ‘real’ therapeutic effect beyond that of 

measurement error. Therefore, it is proposed that both the lumbar mobilisation and sham 

technique may have changed the biomechanical or neurophysiological properties of a 

participant’s nervous tissue to the same extent, resulting in an equivalent increases in SLR and 

SLRNF measurements. This proposal to explain the findings of the current study challenge the 

clinical importance of a neural convergence point, as the sham technique had no mechanical 

influence with any structures with an anatomical relationship to the neural convergence point in 

the lumbar spine (Louis, 1981). The mechanisms to explain the increase in SLR and SLRNF 

measurements in the current study following the application of the experimental and sham 

techniques are unclear.  Interestingly, Hoskins and Pollard (2005) discuss that within the 

neurodynamic concept ‘neural impairment’ may only be an assumption and it is more likely to be 

myofascial tension, or possibly a combination of the two. Therefore, it is important to consider 

these factors in the current study, where participants may have demonstrated improvements in 

myofascial tension rather than neurodynamic mobility.  

 

Biomechanical Effects of the Posterior-to-anterior Lumbar Mobilisation 

The biomechanical mechanisms of a PA lumbar mobilisation as used in the experimental 

technique are not fully understood and the efficacy of the technique remains controversial 

(McGregor et al., 2001). The resultant biomechanical effects of the PA mobilisation applied by 

the operator in this current study are unknown. It is known that even experienced practitioners 

are unreliable in palpating nominated spinal levels and assessing segmental stiffness in the 

lumbar spine (Downey et al., 1999; Maher & Adams, 1994). The extent to which the operator 

was reliable in palpating the L4 or L5 spinal segments in the current study is unclear. However, 

the operator not only used bony landmarks but palpatory experience in an attempt to identify 

and accurately select the least mobile of the two segments.  
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There have been numerous studies that have investigated the segmental lumbar motion. Lee 

and Evans (1997) have demonstrated the effects of a PA mobilisation force being applied to the 

L3 spinous process, the L5 has also been investigated (Powers et al., 2003). However, much 

less is known regarding the application of a PA accessory force to L4, as there are no published 

studies readily available that have investigated the segmental displacement at this spinal level. 

Therefore, the segmental displacement that occurred following the application of a PA accessory 

force to L4 in participants in the current study is unknown.  

 

Associated Physiological Mechanisms 

There are several possible physiological explanations for the improvements associated with 

lumbar mobilisation or sham techniques in this current study. One mechanism proposed by 

Cowell & Phillips (2002) includes the dispersal of intra-neural oedema, thus restoring pressure 

gradients, relieving hypoxia and reducing associated symptoms. Other authors also discuss the 

effects of intra-neural microcirculation as another possible explanation (Klingman, 1999). In 

particular, the alteration in axoplasmic flow has been postulated to lead to the development of 

symptoms in the case of intra-neural pathology (Upton & McComas, 1973). Furthermore, 

mechanosensitivity can be enhanced through the sensitisation of nociceptors in neural 

connective tissues following the cascade of inflammatory events induced by nerve injury (Baron, 

2000).  

 

Even though grade III mobilisations are frequently used to address and manage spinal 

problems, more extensive research has been undertaken for higher magnitude grade V 

mobilisation (more commonly recognised as ‘spinal thrust manipulation’). Physiological 

mechanisms of spinal manipulation are better understood than lower grade III mobilisation. One 

such mechanism is the non-opioid inhibitory pathway, which appears to involve descending 

inhibitory mechanisms that utilise serotonin and noradrenaline (Skyba et al., 2003). Another, is 

the phenomenon of central facilitation, that is known to increase the receptive field of central 

neurons, enabling subthreshold or innocuous stimuli access to central pain pathways (Pickar, 

2005). However, it is unknown whether these mechanisms are operant in the grade III lumbar 

mobilisation as used in the experimental group of this current study.  

 

Comparative Effect of the Lumbar Mobilisation and Sham Technique 

The results of this current study demonstrate that improvements in SLR and SLRNF 

measurements can’t be attributed to the engagement of joint articulation through the application 

of the lumbar mobilisation technique, because the results of both the sham and experimental 

groups demonstrated similar improvements. Dynamic mobility is thought to be necessary to 

ensure normal function at a mechanical interface between neural tissue and its surrounding 

tissues (Butler, 1991, pp. 35-37). When this interface is dysfunctional, there is potential for 

neural structures to respond adversely (Shacklock, 2007). While these postulated claims are 

reasonable, it is valid to argue from the results of this current study that the lumbar mobilisation 
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technique had no effect on neural tissue extensibility at the lumbar neural convergence point in 

this study. Previously, Shacklock (1995a) has claimed that changes in physiology of the nervous 

system can also produce changes in neuromechanical function, however this claim does not 

explain the findings of this study. Therefore, other explanations must be considered to justify the 

improvements observed in the SLR and SLRNF ranges in the sham group. The similar results 

observed between the lumbar mobilisation and sham technique indicate there may be little 

influence of differing mobilisation rates (0.43 or 1 Hz) or the direction of a manual force 

(posterior-to-anterior or lateral) on SLR or SLRNF measurements. It may be plausible that either 

the sham technique improved associated neurodynamic immobility in the lower limb through 

non-specific oscillations to the lumbar spine, or, had similar physical, physiological or 

pyschological effects as the lumbar mobilisation technique. 

 

Factors Influencing SLR and PKE Measurement Compliance  

In the context of this discussion the psychological versus the physiological determinants of SLR 

or PKE ranges should be explored. The compliance associated with measuring a participant’s 

lower limb length may be limited by several cognitive factors related to the expectation bias of 

participants. Misclassification bias may occur during data collection during an experimental 

study or within trials without adequate blinding (Neugebauer & Ng, 1990). Participant 

expectation may have changed in the current study with reduced levels of apprehension, 

through repeated measurement testing, and with a greater exposure of what to expect i.e. that 

the stretch was safe and not painful. Subsequent participant relaxation may have reduced their 

hamstring muscle tone, allowing easier passive stretching of their limb. This relaxation in muscle 

tone could alter their onset of resistance (R1), the end point marker utilised in this current study 

to represent the SLR or PKE measurement. Thus participant relaxation is another possible 

factor which could explain the increases in SLR and SLRNF observed in the sham intervention 

group. 

 

Psychological determinants may also explain how a participant in this current study 

demonstrated increased SLR ranges due to a better ability to tolerate an induced stretch or 

accommodate repetitive stretching. In this scenario, a participant would respond as well, if not 

better, to a placebo technique than a treatment aimed at changing physiological or 

biomechanical properties, due to the conditioning and expectancy bias associated with a 

placebo response. Furthermore, the results by Chow et al. (1994) indicate that “SLR reliability is 

not an artefact of memory for the movement involved in the test” (p. 107). These authors 

investigated the patient’s ability to remember the movement endpoint, based on kinesthetic 

feedback arising from performance of the initial SLR movement. However, participants in this 

current study were blinded to the ranges achieved during SLR or PKE measurements and had 

their eyes closed to minimise any potential kinesthetic feedback and associated effects of 

expectation bias. 
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Conversely, there are several physiological determinants that could have equally limited lower 

limb compliance during measurement testing. The following physiological determinants need to 

be considered when analysing the improvements in SLR or PKE ranges demonstrated in this 

current study:  

1) Changes in contractile activity in myofascial tissue. 

2) Changes in visco-elastic properties during measurement testing. 

3) Improved peripheral joint range i.e. hip flexion or knee extension.  

4) Improved stretch tolerance during neurodynamic SLR testing.  

 

The SLR and PKE tests were selected as these procedures are often used to measure 

hamstring length in patients with musculoskeletal disorders (Gajdosik, 1991). Improvements in 

SLR following repeated soft tissue stretching has been documented by Goeken and Hof (1994) 

to be mediated through an increase in hamstring muscle length and improved peripheral joint 

range of hip flexion, rather than related to increased hamstring viscoelastic properties. However, 

an increased tolerance to stretch is a viscoelastic mechanism previously reported as a primary 

factor for the improvement in hamstring length measured by a PKE test following two types of 

massage (Hopper et al., 2005). Furthermore, Hall et al. (2006) have extrapolated that increased 

hamstring extensibility in their study is closely connected to accommodation through central 

neurophysiological processing. Therefore it may be plausible that the lumbar mobilisation and 

sham technique applied in this current study triggered neurophysiological responses influencing 

the participant’s muscle stretch tolerance, due to the conditioning of the tissues through 

repetitive stretching.  

 

It has been suggested that skin and subcutaneous connective tissue may also contribute to the 

end range compliance of a peripheral joint (Ballantyne, Fryer, & McLaughlin, 2003). Johns and 

Wright (1962) have estimated the passive torque required to move a joint in its mid-range is 

contributed by the joint capsule (47%), passive motion of muscle (41%), the tendons (10%), and 

the skin (2%). Increased tolerance to hamstring muscle stretch, changes in visco-elastic 

properties, lengthening myofascial tissue, biomechanical and neurophysiological alterations may 

also account for, and play a vital role in, determining the length of lower limb flexibility as 

measured by hip flexion and knee extension within this current study. It is also possible that a 

combination of psychological and physiological factors determined the SLR or PKE 

measurement. 

 

Gravitational force (natural force of attraction) and inertia (amount of resistance to change in 

velocity) may have altered the joint compliance measured during a SLR test in this current study. 

The closer a participant’s limb was raised to a ninety-degree angle the less gravitational forces 

are encountered, lowering the inertia required to raise the mass of a participant’s limb. In one 

study by Hopper et al. (2005) ‘hamstring tightness’ was indicated through a SLR procedure 

below 70° at the onset of a stretching sensation in the posterior aspect of the thigh. However, 
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participants in this current study were labelled as having ‘hamstring tightness’ if their SLR was 

less than 90° and were excluded from the study because of the reduced gravitational effects of 

lifting their lower limb beyond 90° hip flexion.  

 

Effects of Experimental, Sham and Control Interventions at 48-Hour Follow-up 

It is apparent that improved ranges following either the experimental or sham intervention 

techniques were not identifiable at a 48 hour follow up period. It is unknown why the 

improvements in SLR and SLRNF were evident immediately after, but not at 48 hours post 

intervention. These findings do not support previous clinical observations made by the primary 

investigator and operator of the study that any initial improvement demonstrated immediately 

post intervention in SLR and PKE ranges is routinely maintained at a 48 hours follow up period 

in clinical practice. An explanation for this decrease in SLR and SLRNF ranges may be that the 

intervention technique was only applied once (although, did involve three one-minute 

applications) whereas in normal clinical practice multiple applications over several treatment 

sessions may be prescribed. Unlike many previous SLR studies, Hall et al. (2006) discuss the 

clinical importance of observing improved SLR ranges 24 hours after applying a Mulligan bent 

leg traction to symptomatic participants. However, control group participants in this current study 

demonstrated a minimal affect on SLR measurements, reducing the likelihood that improved 

SLR measurements for participants in the experimental and sham groups were due to proposed 

mechanisms such as accommodation, kinesthetic feedback or changes in hamstring stretch 

tolerance. 

 

Utility of the SLR as a Neurodynamic Test  

The results of the current study support the role of the SLR manoeuvre as a neurodynamic test 

to identify mechanosensitive neural tissue for individuals without any overt spinal or lower limb 

pathology. This proposed role of the SLR is reinforced in this current study through the 

comparison that the lumbar mobilisation and sham technique had a minimal effect on PKE 

measurements, yet improved SLR ranges. The SLR test has the dual purpose of assessing both 

hamstring muscle length and neurodynamic mobility. Therefore the PKE test, unlike the SLR 

manoeuvre in this current study, may be considered to have less neural emphasis, minimising 

the tests role in neurodynamic assessment. This view is supported by the Hopper et al. (2005) 

study that also implemented both outcome measures to assess hamstring muscle length after 

two forms of soft tissue massage. Hopper et al. identified the PKE test as the most reliable and 

effective indirect measure of hamstring muscle length when compared to the SLR testing of 

participants without neurodynamic restriction. 

 

In the clinical setting of manual medicine, practitioners will often apply a neurodynamic test to 

ascertain whether a patient has neural tissue mechanosensitivity. It is unclear in this current 

study whether the presence of pain is fundamental to accurately measure a participant’s neural 

extensibility. A possible criticism of the study’s procedures is that a positive neurodynamic SLR 
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test cannot be exhibited in an asymptomatic population. Other positive findings to a SLR raise 

have also been documented to include a ‘deep stretch sensation’ (Butler et al., 1994, pp. 693-

703), numbness or pins and needles, as well as the onset of pain in the symptomatic limb 

(Boland & Adams, 2000). Although in this current study the SLR test was used to identify the 

target disorder of ‘mechanosensitive neural tissue’, in orthopaedic settings the onset of pain 

during the procedure is commonly used to represent lumbar disc pathology (Urban, 1981) or 

potential need for lumbar surgery (De Tribot et al., 1998; Javid, 1995). From the literature, it is 

unclear whether the presence of pain is necessary to confirm neural tissue mechanosensitivity.  

 

A list of clinical criteria for the target disorder of ‘neural tissue mechanosensitivity’ has been 

proposed several authors. The usefulness of the classification described by Elvey and Hall 

(1997) to define neural tissue mechanosensitivity is not known because of its limited utilisation 

by other authors. All components of the following clinical criteria must be met to confirm neural 

tissue mechanosensitivity:  
1)  Active movement dysfunction  

2)  Passive movement dysfunction, which must correlate specifically with 1  

3)  Adverse responses to neural tissue provocation tests, which must relate specifically and    

    anatomically to 1 and 2 

4)  Hyperalgesic responses to palpation of specific nerve trunks, which must relate    

 specifically and anatomically to 1 and 3  

5)  Hyperalgesic responses to palpation of cutaneous tissues, which relate specifically and  

 anatomically to 4 and 6 

6)  Evidence in the physical examination of a local area of pathology, which would involve  

 neural tissue showing the responses in 3 to 5 (p. 135) 

More recently, Kostopoulos (2004) proposed a more applicable list of clinical criteria to the 

current study, suggesting a neurodynamic test can be considered positive if:  
i) It reproduces the patient’s symptoms of pain, numbness or tingling 

ii) There is asymmetry when testing right and left sides (finding limitation in range of motion, 

resistance in the movement, production of symptoms during movement) 

iii) Test responses altered by movement of distant body parts (neck) (p. 6) 
 

Researchers are currently debating the diagnostic utility (e.g. sensitivity, specificity, and 

likelihood ratios) of the SLR manoeuvreve as a neurodynamic test in the lower limb for 

asymptomatic participants. In the absence of nerve root compression, it is unclear whether the 

SLR procedure is sensitive enough to detect minor pathological restrictions in mechanosensitive 

neural tissue. It is widely accepted that not only do nerves move during neurodynamic testing, 

but many other structures are involved (e.g. muscle and other soft tissues), currently there is no 

plausible evidence that neural tissues can be mobilised independently of other tissue types. In 

the light of the results of the current study, improvements observed in PKENF through the 

application of a lumbar mobilisation technique, may suggest that even the PKE procedure must 

load certain aspects of neural tissue.  
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Hall et al. (1998) have produced useful data to investigate the predictive or diagnostic value of 

the SLR test, when comparing the onset of resistance (R1) with the onset of muscle activity (M1) 

to represent the range of the SLR measurement. Their findings have implications beyond 

assessment as they propose the altered compliance found in the investigation was probably due 

to protective muscle activity as a result of increased mechanosensitivity of the nervous system, 

rather than abnormal neural mobility. However, their explanation to address these 

pathomechanical findings require further explanation, as the terms ‘mechanosensitivity’ and 

‘adverse neural mobility’ have previously been used interchangeably in the literature. Hall et al. 

(1998) also recommend that the term ‘neural tension test’ be abandoned as it does not reflect 

the true nature of neural pathophysiology. Instead the term ‘neural tissue provocation tests’ are 

suggested as more accurately describing the procedures in the presence of increased 

mechanosensitivity of the nervous system.  

 

More recently, Shacklock (1995b) renamed ‘neural tissue provocation tests’ as ‘neurodynamic 

tests’ to acknowledge the physiology, pathophysiology and pathomechanical aspects of the 

nervous system. Not withstanding the semantics of academic labelling, the central and 

peripheral nervous system can be viewed as one continuous structure (Butler, 2000, pp. 100-

101). Therefore isolated testing of the individual peripheral nerves, particularly the sciatic nerve, 

may not have been possible in this current study. Furthermore, there is no definitive evidence 

that sciatic nerve mobility can be differentiated from other tissues during a neurodynamic SLR 

test.  

 

Dixon and Keating (2000) point out the magnitude of error associated with the SLR test must be 

known in order to interpret post-treatment measurements and observe the extent to which 

measurements change under circumstances where no true change is likely to have occurred. 

These authors completed a meta-analysis to determine the error associated with measurements 

of straight leg raising and to identify the ‘test-retest’ and ‘inter-session’ reliability. The most 

credible results indicate that ‘test-retest’ measurements of the SLR need to change by more 

than 6° to have 95% confidence that a ‘real change’, (that is, change that exceeds measurement 

error) has occurred. ‘Test-retest’ improvements reported in this current study exceeded this 

estimated range and according to these estimates a ‘real change’ has occurred in reported SLR 

and SLRNF measurements. On the other hand, ‘inter-session’ measurements extrapolated by 

Dixon and Keating (2000) need to change by more than 16° to exceed the magnitude of error 

associated with the SLR test. All ‘inter-session’ measurements reported in this current study 

were below this estimated range, confirming that no perceivable effect on SLR was 

demonstrated 48 hours after the application of the lumbar mobilisation or sham technique.  

 

The current study supports the view of authors who challenge the usefulness of the clinical 

application of the SLR in neurodynamic assessment. The third research objective of the current 

study was to evaluate the role of a passive SLR test. This objective arose from a view expressed 
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by Lew and Puentedura (1985, p. 183) who asked the question, “Is the straight-leg raise a 

neurodynamic test or a hamstrings length measure in normals [patients]?” Practitioners should 

be made aware there are several limitations when evaluating the clinical findings of 

neurodynamic testing. Asymptomatic participants in the current study have shown positive 

responses to neurodynamic testing in the lower limb. This result supports that of Coppieters, 

Stappaerts, Everaert, & Staes (2001) who also reported positive neurodynamic responses in 

asymptomatic individuals. Basing clinical decisions solely on these results could lead to flaws in 

the clinical identification of tissue causing symptoms. There is sparse recognition that a negative 

SLR outcome may be of greater diagnostic value than a positive one (Rebain, Baxter, & 

McDonough, 2001).  

 

Di Fabio’s (2001b) view is that clinicians too frequently assume that hints about a disease 

process provide absolute verification of a pathological condition; often practitioners will observe 

a false positive SLR result in the absence of neural dysfunction. In the absence of a reference 

standard to define ‘mechanosensitive neural tissue’, it is impossible to attribute symptom 

changes solely to neural mobility in an attempt to identify the structures at fault. Interestingly, Di 

Fabio (2001b) hints towards the difficulties in not having a reference standard when he poses 

the question, “How can we claim that “neural mobilisation” is an effective treatment if we cannot 

isolate the tissue of interest in vivo?” (p. 522) Therefore it may be crucial to analyse the results 

of this current study with the realisation that a proportion of asymptomatic participants 

investigated may have demonstrated false positive findings of neurodynamic testing, without any 

mechanosensitive neural tissue dysfunction. 

 

Utility of Structural Differentiation Tests in Neurodynamic Assessment 

Charles Lasegue originally used the SLR to identify the presence of perineuritis (Dyck, 1984). 

However, Maitland (1986, pp. 66-68) further redefined the procedure to incorporate cervical 

flexion and ankle dorsiflexion, structural differentiation tests which, at the time, were believed to 

assess the mechanosensitivity of the neuromeningeal structures within the vertebral canal and 

localise the source of dysfunction. It is well known that applying neck flexion to the spine 

reduces the lumbar lordosis, elongates the vertebral canal stretching the posterior surfaces of 

the disks, consequently pulling the ligamenta flava taut (Louis, 1981) and increases tension in 

the lumbosacral roots (Fajersztajn, 1901). This increase in the resting tension of neural tissue is 

due to diversion of the root from its normal path and not necessarily from lumbosacral root 

pathology (Breig & Troup, 1979). It is not clear whether these specific movements can 

differentiate nerve roots of the central nervous system.  

 

It has been discussed that neural tissues have highly deformable biomechanical properties, 

accommodating tension through elongation and elastic deformation (Goddard & Reid, 1965). 

The connective tissue of peripheral nerve trunks is innervated by nociceptive sensory fibres, the 

nervi nervorum. When studied by Bove and Light (1997) the nervi nervorum were insensitive to 
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stretch in normal ranges of motion, yet sensitive to excess longitudinal stretch of the entire 

nerve. Later, Butler and Coppieters (2007) discuss the possibility that responses to structural 

differentiation tests may have little to do with mechanical alterations in neural tissue, for 

example, the addition of ankle dorsiflexion can increase evoked symptoms during a SLR test, 

yet this increase may be just the addition of normal, albeit threatening input to a ‘pain 

neuromatrix’ 6.   

 

Effect of Neck Flexion as a Structural Differentiation Test 

The addition of neck flexion was applied as a structural differentiation test during neurodynamic 

procedures in this current study to investigate whether an increase in tension and longitudinal 

stretch was placed on the neural tissue (Butler, 1991, pp. 130-135). There were minimal, non-

significant differences between comparative measurements of SLR and PKE with the addition of 

neck flexion for the experimental, sham and control groups at an immediate and 48-hour follow-

up periods. This is an unexpected finding because addition of neck flexion as a structural 

differentiation test places a longitudinal stretch on the spinal cord that is commonly thought to 

decrease neurodynamic flexibility in the lower limb, therefore reducing the range of SLR. This 

finding is inconsistent with the previous thoughts and understanding of structural differentiation 

tests where neck flexion is a modifying factor routinely applied in clinical practice during 

neurodynamic assessment in an attempt to differentiate between a neural or non-neural 

dysfunction (Rubenstein, 2002).  

 

The diagnostic value of neurodynamic tests to differentiate between neural and non-neural 

structures may be limited (Di Fabio, 2001a), an alternative explanation for the findings in the 

current study could be offered due to the continuity of the fascial system (Lew & Briggs, 1997). 

Lower limb flexibility may be influenced through the anatomical relationship of the hamstrings 

with the thoracolumbar fascia. The tendon of biceps femoris is known to be continuous with the 

sacrotuberous ligament connecting to the thoracolumbar fascia (Vleeming et al., 1995) and to 

the tendons of splenius capitis and cervivis muscles in the cervical spine (Barker & Briggs, 

1999). Therefore any change in hip flexion during a SLR test through the addition of neck flexion 

as a structural differentiation manoeuvre could be related equally to increased tension in the 

fascial system. 

 

                                                
6 Melzack (1989) first proposed the ‘pain neuromatrix’ as a mechanism to explain phantom limb pain. 

Proposing that such pain is mediated by a network of neurons, the neuromatrix, that respond to sensory 

stimulation while continuously generating a characteristic pattern of impulses indicating that the body is 

intact. The pain neuromatrix incorporates not only the sensory but also the affective, motoric, and cognitive 

elements, including at least three major neural circuits in the brain. One of them is the classical sensory 

pathway, the second consists of pathways through the brain stem to the limbic system, and the third 

projects to the parietal association regions. 
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The findings of this current study support Hall et al.’s (1998) investigation that found cervical 

spine flexion had an insignificant effect on SLR ranges of motion. Hall et al. also reported no 

difference in compliance in SLR range when repeating the SLR test with ankle dorsiflexion, 

another commonly used structural differentiation test. In the current study ankle dorsiflexion was 

maintained by a fixed ankle splint during SLR testing. Hall et al. speculate that any increase in 

tension in one part created by such manoeuvres is probably accommodated throughout the rest 

of the continuous neural tissue tract. Consistent with Hall et al.’s findings, the results of the 

current study raise doubts about the validity of neck flexion as a structural differentiation test to 

assess lower limb neurodynamic mobility.  

 

Relationship between Spinal Mobilisation and Clinical Neurodynamics 

Extra-neural mobilisation techniques for the lower quadrant are well recognised (Klingman, 

1999) and have been widely promoted since the 1990’s (Butler, 1991, pp. 193-194). There are 

no previously published randomised controlled experiments that have investigated the effect of 

lumbar mobilisation on lower limb neurodynamic mobility. The findings of the current study 

concur with a single case study published by Klingman (1999) who investigated the effect of 

treating the extra-neural component in the lumbar spine and how a diminished SLR may affect 

articular joint mobility. A unilateral lumbar mobilisation at the L5/S1 intervertebral joint in a 

simulated SLR position for treatment gradually improved each of; joint, neural tissue and SLR 

mobility. The sham intervention group in this current study also showed the same effect and 

therefore the idea of applying an articulatory technique to a specific lumbar segment to influence 

SLR neurodynamic mobility in the lower limb may not be plausible. 

 

Interestingly, a similar study by Saranga et al. (2003) investigated the same research question 

but in the cervical spine, where a lateral glide mobilisation technique was applied to articulate 

the facet joint between the fifth and sixth cervical vertebrae. This intervertebral joint was 

selected because of its anatomical location being adjacent to a putative neural convergence 

point in the cervical spine. Louis (1981) proposed two regions of increased neural mobility 

around the levels of C6 and L4 vertebrae. Therefore the L4/5 intervertebral joint was selected in 

this current study as was anatomically adjacent to the lumbar neural convergence point.  

 

Saranga et al. (2003) reported the effects of applying an extra-neural mobilisation technique in 

the cervical spine on upper limb neurodynamic mobility. Their results showed a significant 

increase in elbow extension during an upper limb neurodynamic test for the median nerve in 

asymptomatic subjects, compared with those in a control group or those receiving a sham 

technique. These authors hypothesised that two mechanisms may have led to this increase after 

the experimental technique. The first involves a change to the nerve root interface at the cervical 

intervertebral foramen. The second is that the cervical lateral glide technique reduced the tone 

of muscles supplied by the mobilised segment resulting in the observed increase in elbow 

extension. They suggest that these results indicate that practitioners may be able to influence 
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the peripheral nervous system using this technique. These mechanisms may be also offered as 

an explanation for the improvements observed in this current study, by applying a lumbar 

mobilisation technique a change in the nerve root interface at the lumbar intervertebral foramen 

could have occurred and subsequent reduction in hamstrings muscle tone supplied by the 

mobilised segment may have resulted in the observed increase in hip flexion during the SLR 

measurement. The latter mechanism may also explain improvements in the sham intervention 

group in this current study, where lumbar oscillations were applied in a lateral direction and may 

have reduced hamstring muscle tone.  

 

Unlike the current study where the sham technique significantly improved neurodynamic mobility 

in the lower limb, Saranga et al. (2003) reports that their sham intervention demonstrated a non-

significant effect on neurodynamic mobility in the upper limb. One factor that requires discussion 

when comparing these findings is that the sham technique in this similar study was applied 

without any movement being elicited. The operator simply placed their hands lightly over the 

participant’s neck in the same position as the cervical glide technique, as opposed to the 

movement-based sham procedure used in the current study. This lack of spinal movement 

during physical contact with the operator may have had a negative effect on expectation bias, as 

participants would be less likely to expect any change after the applied technique, possibly 

reducing a the effect of a placebo response. Performing a lateral glide mobilisation technique at 

another spinal level in the cervical spine without any anatomical relevance may have been a 

more useful sham technique for comparison in this investigation. 

 

The strength of this current experimental study was the comparison with a movement based 

sham technique, where no significant difference was demonstrated between intervention groups. 

Therefore, the findings of the current study do not support previous studies that propose several 

biomechanical mechanisms as an explanation for the effect of a lumbar mobilisation technique 

on improved SLR measurements. Pommerol (2000) suggested that effective manual treatment 

may target a mechanical interface through local area mobilisation or mobilisation distant from 

the target neural tissue. Later, Taghizadeh and Taghizadeh (2006) proposed that spinal 

mobilisation can improve SLR ROM by ‘opening’ the intervertebral foramen thereby decreasing 

compression on nerve roots. The localised nature of a spinal mobilisation to target an extra-

neural mechanical interface may not necessarily be the actual mechanism causing mechanical 

change and improved compliance in SLR in the results of this current study. Interestingly, the 

sham technique used was not directed to a specific anatomical area in the lumbar spine, yet still 

changed SLR range. 
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Limitations of the study 

The findings of this current study should be extrapolated cautiously to other sample population 

groups as young, healthy, asymptomatic adult males were investigated in this research. It is 

important to recognise the inclusion requirements for this current study because of the specific 

profile of the participants; participants were limited to the range 18 to 40 years of age to 

minimize the likelihood of co-morbidity (Ward, 1997, p. 1210). Other authors have suggested 

including both genders to avoid gender bias (Rubin & Babbie, 2005, p. 277). Female participants 

were excluded from this current study, because of the connective tissue changes related to their 

menstrual cycle with its monthly hormonal fluctuations, causing an elevated susceptibility to 

diminished neuromuscular control during ovulation (Wojtys, Huston, Boynton, Spindler, & 

Lindenfeld, 2002). Asymptomatic participants in this study population by definition had a range 

of hip flexion and knee extension within limits of normal variation, so the effects noted are only 

relevant to tissues in the absence of pathology. The findings of the current study are not 

generalisable to symptomatic individuals, females or males younger than 18 or older than 40 

years and therefore any comparison made will have limited external validity. 

  

Participants allocated to the non-randomised control group were not aware of any other 

intervention group in the current study, therefore were less likely to be influenced by an 

expectancy bias. Ranges in SLR or PKE measurements may have remained unchanged without 

the expectancy associated with the application of an intervention technique. This control group 

was recruited and allocated after the preliminary statistical analysis of the experimental and 

sham group data and therefore it was logistically not possible to randomise. The flowchart of 

participants illustrates how participants were selected and non-randomised directly to the control 

group (Figure 1). Furthermore, without the professional contact or therapeutic touch from the 

operator it is less likely that these participants would demonstrate a placebo response. 

 

The application of a grade III lumbar mobilisation technique applied by the operator to 

participants in the experimental intervention group may have been inconsistently executed. 

Spinal mobilisation as graded by Maitland et al. (2001, pp. 175-176) have a specified force and 

frequency. Practitioners are known to be inconsistent when applying these classified graded 

mobilisation techniques, as grade III mobilisations frequently overlap with grade IV (Chester et 

al., 2003). Considerable overlap has been found between experienced practitioners applying 

spinal mobilisation in terms of both vertebral displacement and amplitude of mobilisation applied 

by these practitioners (Chester et al., 2003; Harms & Bader, 1997). The amount of force applied 

by the operator in this current study during the grade III PA lumbar mobilisation was not 

measured. As per current clinical practice the operator did not receive any real time feedback of 

the force being applied, however, the mean force (77 newtons) for the lumbar mobilisation 

technique was estimated (Appendix C). Variations in force did occur by the operator in the 

current study but were thought to be typical, as Harms & Bader (1997) note a substantial 
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variation in force ranging between 38 and 137 newtons during a grade III PA mobilisation to the 

L3 vertebra.  

 

The operator in this current study was requested to examine the L4 or L5 spinous process using 

a PA accessory pressure and to articulate the least mobile segment based on these findings. It 

is unknown whether the operator in this current study accurately palpated the correct anatomical 

vertebral level or assessed the participant’s most comparable spinal segment from this physical 

examination (Jull et al., 1988). An assessment solely by PA pressures may not be reliable, as 

the operator may have performed the lumbar mobilisation to the wrong vertebra. The selection 

of a manual therapy technique should therefore not be based on palpatory findings alone 

(Downey et al., 2003; Maher & Adams, 1994). 

 

Not all participants investigated in the current study had a hypomobile L4/5 intervertebral joint 

acting as a dysfunctional mechanical barrier. The operator was requested to identify the least 

mobile segment using clinical judgement and palpation of the L4 or L5 spinous process. A 

hypomobile intervertebral joint is considered to impair neurodynamic mobility if dysfunctional, yet 

least mobile does not imply hypomobile. A limitation of this current study was the absence of 

documented criteria provided to the operator to define segmental hypomobility. Although there is 

no gold standard protocol that is easily available to define hypomobility, Abbott et al. (2005) 

have research evidence to indicate that manual clinical examination procedures, similar to those 

applied by the operator in this current study, have moderate validity for detecting segmental 

motion abnormality in the lumbar spine using passive accessory intervertebral motion tests 

(PAIVM’s). Furthermore, Abbott et al. (2006) provide normative data and reference intervals for 

abnormal sagittal rotation and translation kinematics using clinical radiology, derived from an 

asymptomatic reference sample.  

 

In the current study all participants exhibited positive findings to a slump test during initial 

screening, however, another mechanical interface other than at their nerve root may have been 

dysfunctional and reduced their neurodynamic motion. Frequently practitioners treat 

biomechanical dysfunctions to neural tissue at other well-known mechanical interfaces such as 

the piriformis muscle, inner hamstrings and fibula head. In these cases the practitioner may 

physically assess further along the distribution of the sciatic nerve for potential dysfunctional 

mechanical interfaces and, if appropriate, apply a direct local mobilisation to address this 

interface. Extra-neural adverse tension has also been suggested to result from fibrosis or 

intermuscular adhesions and can reduce the neural mobility between muscle and the nerve (Turl 

& George, 1998).  

 

Natural anatomical variation may alter the exact location of a putative neural convergence point 

in the lumbar spine, therefore this region may be higher or lower than the L4/5 intervertebral joint 

in some participants in the current study. Immobility of these lower lumbar segments may not 
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necessarily affect normal mechanical function of neural tissue and transmission of tension in the 

neural tissue of the spinal cord. The body has been described as “a container for the nervous 

system” and has the ability to absorb or dispense a certain amount of mechanical irritation or 

force allowing pain-free maximal movements and postures before a pathodynamic threshold is 

reached (Sunderland, 1991, pp. 467-497). It is unlikely that the asymptomatic participants in the 

current study exceeded this pathodynamic threshold. 

 

Although 2Hz has previously been established as an effective rate for spinal joint mobilisation on 

sympathetic outflow (Peterson et al., 1993). A slower rate (0.43Hz) was applied for this study’s 

lumbar mobilisation technique; this rate was selected after pilot study proceedings and in 

conjunction with the principal investigator’s clinical experience. However, the slower rate utilised 

possibly limits the physiological effects of the treatment as less movement of the joint occurs 

over a unit period of time. The comparative results observed in the sham technique group using 

a higher oscillation rate (1 Hz) also increased SLR and SLRNF measurements. Although not the 

objective of this study, it is interesting to note that this finding is contrary to the current teaching 

in manual medicine that that differing mobilisation rates may directly affect the clinical outcome 

when applying an extra-neural mobilisation to alter neurodynamic mobility. 

 

A single treatment session involving three one-minute applications of the lumbar mobilisation or 

sham technique may not be a sufficient physical input to cause a notable mechanical change 

beyond measurement error. In routine clinical practice these interventions would often involve 

multiple applications of the same technique repeated over several treatment sessions. Hall et al. 

(2006) and Hopper et al. (2005) have recognised the limitation of only a single application of 

their investigated technique on SLR measurements. It could be argued that the effect size may 

be greater if the intervention is applied on more than one occasion or is integrated within a 

whole treatment regimen, including exercise (e.g. hamstring stretches) to maintain the treatment 

effect. The clinical applicability of the current study findings threatens the face validity of 

applying articulatory techniques to affect the lumbar neural convergence point. Interpretation of 

these results has limited generalisability to current clinical practice because of the single 

application of the lumbar mobilisation and sham techniques on asymptomatic participants. 

 

An additional limitation inherent in this study was the use of the onset of resistance (R1) to 

assess the end point in motion for the SLR and PKE outcome measures. This marker represents 

the end point of joint ROM and is reliant on a subject’s perception of stretch. The onset of soft 

tissue resistance, varies greatly between individuals and even within an individual across test-

retest measurements. However, previous studies have used R1 as an indirect representation of 

neural tissue sensitivity during SLR measurements (Dixon & Keating, 2000) and PKE (Hopper et 

al., 2005). Satisfactory levels of intra-examiner reliability (ICCs ranging from 0.75 to 0.98) for 

using R1 have been reported during a SLR testing procedure (Hall et al., 1998). The same 

authors, Hall et al. (1998) have argued that R1 is an insignificant point in SLR range that has no 
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predictive or diagnostic value. They suggest that the onset of muscle activity (M1) as a more 

accurate and clinically useful measure of abnormal mechanical sensitivity of the nervous 

system. In this current study, the onset of pain was not appropriate as an end point marker for 

asymptomatic participants, however, limitation in range due to pain is one of the most common 

end points to test SLR motion and has been shown to be valid in previous studies (Boland & 

Adams, 2000; Macfarlane, 1981). Therefore it is not possible to draw inferences from this 

current study about the effect that the investigated experimental or sham technique will have on 

an symptomatic individual who’s SLR test would commonly be assessed to the onset of pain. 

 

The PKE test has been well documented as an indirect measure for hamstring muscle length 

(Ballantyne et al., 2003; Gajdosik  et al., 1993; Hopper et al., 2005). The addition of neck flexion 

as a structural differentiation test to neurodynamic tests, such as the PKE procedure (PKENF) 

has been documented in manual medicine textbooks (Butler, 2000, pp. 287-298; Shacklock, 

2005, pp. 218-237). This sensitising manoeuvre was utilised in the current study in an attempt to 

assess the neurodynamic component of this test, even though PKENF has not previously been 

published in another experimental investigation. However, this PKENF test has been estimated 

to have a high measurement error (11.1°). This value exceeds the greatest improvement 

demonstrated following the application of the experimental technique in this study, therefore 

challenging the sensitivity of the PKENF test as a reliable outcome measure in this study. This 

finding limits the interpretation and conclusions that can be drawn from these PKENF results. 

There are several sources of measurement error for the PKENF test; these include variations in 

the participant’s perception of stretch and visco-elastic changes during repetitive stretching and 

the use of the force dynamometer to measure the post-intervention range. Another source 

contributing to the estimated measurement error rates reported are the reliability of the 

dynamometer, electrogoniometer and cervical motion software. The hand-held dynamometer 

had an accuracy of ± 2.2 Newtons (Chatillon, 2008). In this study, these devices were 

considered to have more validity in assessing the outcome measures than video analysis as 

used in pilot proceedings. 

 

It should be recognised that the statistical calculations based on Bland and Altman’s (1996) 

method to determine the measurement error for repeated measurements is not without 

controversy. Doyle and Doyle (1997) voice the opinion “that some of what the authors describe 

as error can be identified, measured, and legitimately removed as a source of variation from the 

within subject error”. Therefore the actual measurement error may be lower than the value 

calculated using their method. 

 

Inaccuracies may have occurred when measuring neck flexion in the current study. A flaw in the 

study’s methods procedure was that the participant’s neck flexion angle was not directly 

measured, however the principal investigator pre-measured increments on the customised 

treatment plinth, ranging from 0° to 60°. Time constraints prevented the principal investigator 
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using a goniometer to accurately measure this neck flexion angle determined by the participant’s 

perceiving the onset of soft tissue stretch in the posterior aspect of their neck or thoracic spine. 

There is no existing protocol on the range of motion of neck flexion required to change a 

participant’s neurodynamic response during this structural differentiation test. Further tension 

may be placed on the neural tissue at the lumbosacral roots through a loss of lumbar lordosis 

(Breig & Marions, 1963). 

 

During the current study, a total of 15 lower limb stretches, comprising of three pre-conditioning 

SLR manoeuvres followed by four outcome readings repeated three times, where performed for 

each participant prior to their treatment allocation. These manoeuvres may by themselves have 

the potential to act as soft tissue stretches or a neural mobilisation treatment technique. 

Repetitive stretching is unlikely to account for the improvement in the sham intervention group 

due to comparisons with the control group. A previous study has shown a limited conditioning 

effect of only one degree per trial with repeated measures of SLR (Taylor, Dalton, Seaber, & 

Garrett, 1990). Previously, the repeated or prolonged passive stretching of hamstring muscle 

has not increased passive muscle stiffness or length, but only influenced the stretch tolerance of 

healthy subjects with short hamstrings (Halbertsma & Goeken, 1995).  

 

The three repetitions of pre-conditioning manoeuvres used in this current study may not have 

been adequate in minimising the immediate effects of stretching. These soft-tissue warm-up 

procedures were also limited by the fact that pre-conditioning was only enforced on a SLR test 

and not for the PKE procedure. However, repeated SLR manoeuvres would still pre-condition 

tissues in the posterior aspect of the participant’s thigh. In retrospect, in may be necessary to 

repeat the SLR manoeuvre more than three times to adequately abolish these immediate effects 

of stretching. In a previous study Hall et al. (2001) applied four SLR movements to pre-condition 

the lower limb of their participants.  

 

The principal investigator reported some difficulty in maintaining contact of the dynamometer 

force plate against the ankle brace for certain participants with above average flexibility. To 

improve this a different shaped force plate could have been used to ensure a firm contact was 

maintained and prevent any unwanted passive external rotation of the lower limb. The 

introduction of any external rotation would lessen the mechanical tension on the sciatic nerve 

and therefore improve SLR measurements as internal hip rotation has been shown to reduce 

neurodynamic mobility (Breig & Troup, 1979). 
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Further Research Recommendations 

In this section there are several recommendations for further research that follow from the 

results of the current study. An obvious suggestion, and a better use of future resources, would 

be to investigate the effect of the experimental, sham and control interventions on pain relief for 

symptomatic individuals using more patient-focused outcome measures, rather than repeating 

another explanatory study to investigate the effect on neurodynamic mobility in the lower limb by 

changing the frequency, force or location of a PA lumbar mobilisation technique. The main aim 

of this future research would be to enhance the clinical practice of manual medicine practitioners 

utilising the concept of clinical neurodynamics to address spinal joint and lower limb dysfunction.  

 

Previous research in this field commonly evaluates a therapeutic technique in terms of changes 

in passive joint range of motion as the main research outcome measure. If this investigation 

were to be repeated it is recommended that outcomes more relevant to the patient’s functional 

status, biomechanical impairment or physical disability be measured. The clinical relevance of 

such an investigation would be strengthened through the assessment of functional outcomes, 

including tasks of daily living, levels of disability and comprehensive psychometric evaluation. 

Clinical relevance may be achieved through selecting appropriate outcome measures that are 

patient-oriented and focus on the individual’s functional status and emotional well being. There 

are several patient self-report instruments that have been demonstrated to be reliable, 

responsive and valid outcome tools, such as the Oswestry Low Back Pain Disability 

Questionnaire (Fairbank & Pynsent, 2000), the Pain Disability Questionnaire (Anagnostis, 

Gatchel, & Mayer, 2004) and the assessment of levels of pain intensity using a visual analogue 

scale (VAS) (Kelly, 2001).  

 

There is also emerging interest in identifying demographic, psychosocial and socioeconomic 

variables that may contribute to or influence treatment outcomes (Cherkin, Deyo, Street, & 

Barlow, 1996). Measuring these aspects of an individual may provide a more comprehensive 

patient assessment. Keefe, Rumble, Scipio, Giordano and Perri (2004) state that practitioners 

are now able to incorporate well-validated psychological assessment methods to evaluate how 

individuals adjust to persistent pain, such as pain catastrophising, helplessness and pain-related 

anxiety or fear. Interpretation of current study findings as reported in this dissertation would 

substantially change if other relevant outcome measures were assessed, improving the clinical 

applicability to patients seeking treatment from practitioners of manual medicine. Identifying 

improvements in hip flexion or knee extension angles, as in this current study, could actually be 

an irrelevant finding in relation to a patient’s musculoskeletal function or disability. There is a 

common assumption by practitioners in the field of manual medicine to continually strive for an 

optimum lower limb flexibility, for example hamstrings muscle length, yet in clinical practice it is 

the author’s observation that there are numerous patients who demonstrate short hamstring 

length through SLR testing without any detrimental physical effects. Finch, Brooks, Stratford, & 

Mayo (2002, pp. 1-10) inform us that clinical experience provides many examples where 
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patients’ levels of pain, strength, range of motion and functional status change at different rates. 

Thus, knowing about the change in one attribute is of limited value for inferring change in 

another attribute.  

 

Notwithstanding undertaking a therapeutic study, and if a further explanatory study was to be 

conducted using an experimental design within the same resource and time constraints, then the 

following suggestions would enhance the procedures and analysis of this study’s findings: 

 

• Different treatment grades of lumbar mobilisations could be applied to 

investigate any overlap between Maitland et al.’s (2001, pp. 175-176) 

mobilisation grades, as a substantial overlap has been observed between I 

versus II and III versus IV (Chester et al., 2003; Harms & Bader, 1997).  

 

• Investigating the effect of PA lumbar mobilisation on L1 to L3, as these 

segments do not anatomically correspond to the putative lumbar neural 

convergence point. 

 

• Investigating the intra-reliability of the operator’s palpatory skills to accurately 

identify and apply the experimental technique to the correct spinous process of 

L4 or L5.  

 

• Repeating the study with a population of symptomatic participants to enhance 

its external validity.  

 

• Consider using different end points to represent SLR and PKE measurements; 

for example the onset of pain (P1) (Maitland, 1986, pp. 352-358) for 

symptomatic participants has been recommended to be reliable end point to 

measure SLR ranges (Macfarlane, 1981). 

 

• Record the surface electromyographic activity over the paraspinal or hamstring 

muscles to detect any changes in muscle activity following the application of the 

experimental, sham and control intervention.  

 

• Comparing participant’s symptomatic versus non-symptomatic lower limb 

ranges for SLR and PKE measurements. 
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• Repeating the neurodynamic SLR test with the addition of medial hip rotation as 

a structural differentiation test. Medial hip rotation is one of the three essential 

components in a published SLR protocol by (Breig & Troup, 1979). Cervical 

flexion and ankle dorsiflexion are the other two components that have already 

been investigated in this current study. 

 

• Use the neurodynamic Slump test as another outcome measure, a test believed 

to assess the mechanosensitivity of the neuromeningeal structures within the 

vertebral canal (Maitland et al., 2001, pp. 144-149). The Slump test was only 

applied as a screening tool in the initial physical examination in the current 

study due to a number of asymptomatic participants having hypermobility and  

loss of positive Slump findings after pre-conditioning stretches. 

 

• To standardise a protocol for the application of PA lumbar mobilisation 

techniques and the usage of SLR and PKE as objective outcome measures, 

improving the comparability of future published research findings.  
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VI  
CONCLUSION 

 

The results from this current study are relevant to practitioners of manual medicine who utilise 

extra-neural mobilisation techniques to affect neurodynamic mobility in the lower limb.  

 

The sham intervention was as effective as the L4/L5 lumbar mobilisation technique at increasing 

both SLR and SLRNF range. A biomechanical effect on extra-neural structures or a placebo 

response may explain these findings. 

 

Improvements in SLR and SLRNF range cannot be attributed to the engagement of joint 

articulation that corresponds to a putative pathomechanical lumbar neural convergence point. 

 

Immediate improvements in SLR and SLRNF range were not apparent 48 hours after the 

application of the lumbar mobilisation or sham technique.  

 

The ability of the PKE test to detect changes in ranges of motion following the experimental, 

sham and control intervention appears limited in asymptomatic participants with reduced 

neurodynamic mobility. 

 

It is unlikely that the SLR test can differentiate the sciatic nerve in isolation from non-neural 

tissues, as there are multiple determinants (physical, physiological and psychological) that may 

influence peripheral joint motion.  

 

The use of neck flexion as a structural differentiation test had a trivial effect on SLR or PKE pre-

post measurements and may not be a valid predictive tool to distinguish between neural or non-

neural dysfunction. 

 

Further research is recommended to investigate the therapeutic relevance of the lumbar 

mobilisation technique, rather than repeating another explanatory study. Using patient-oriented 

outcome measures to address functional status and physical disability in symptomatic 

participants would be useful and more generalisable to clinical practice.  

 

To conclude, the application of both L4/L5 PA lumbar mobilisation and sham technique 

increased lower limb neurodynamic mobility in asymptomatic participants.  
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               PARTICIPANT INFORMATION SHEET 
                                                                                      INTERVENTION GROUP 
 
 
 
Effects of a manual therapy technique on mobility of the lower limb 
 
 
About this Research 
You are invited to take part in a research project being conducted by Lewis Wood, an Osteopath Masters 
student from Unitec, New Zealand. This research project will assess the effects of a manual therapy 
technique to the low back on neural mobility in the lower limb. Your participation will provide us with 
information about altering the flexibility of the lower limb. By taking part in this research project you will 
assist health care professionals to further their understanding of manual therapy and how it might 
contribute to better health care for other people.  
 
Research Location and Involvement 
The research will take place at Unitec (3rd Floor, Building 115, Entry 4, Carrington Road, Mt. Albert, 
Auckland). You will be requested to attend two sessions, initially around 30 minutes where you will receive a 
manual therapy technique and have your flexibility measured. The second session of 10 minutes will simply 
re-measure your flexibility 2 days later. If you choose to participate you will be required to remove your outer 
clothes and change into a pair of your own shorts.  
 

Treatment Intervention  
Initially your hamstrings will be stretched to warm-up the muscle and joints. Then your lower limb flexibility 
will be recorded three times by the use of a digital measuring device. Temporary joint splints will be used 
around your knee and ankle to maintain their position. The following test positions for lower limb range of 
movement include: 
 
• The straight leg raise test, where you will be asked to lie on your back and a researcher will record the 

height they can raise your straight leg. 
 
• The passive knee extension test, where your leg will be supported on an adjustable bar with your 

towards your chest and the researcher will recorded the amount your knee can straighten.   
 
Then the researcher will leave the room and a registered osteopath will enter and apply a gentle pressure 
to the lower spine over a three-minute duration, a common technique used by osteopaths for therapeutic 
effect. After this, the researcher will enter to record your flexibility again. You will be requested to return for 
a second session 2 days later, when your flexibility will be re-measured to investigate any short-term 
changes in length. In the unlikely event that an injury occurs through research participation, appropriate 
care will be organised (at the participant’s expense), including any required onward referral for healthcare. 

Privacy 
Your name and any information that may identify you will be kept completely confidential.  All information 
collected from you will be stored on a password protected computer or stored in a locked filing cabinet and 
only you, Lewis Wood, and supervisors Robert Moran or Derek Nash will have access to this information.  
After the conclusion of the study we can send you a copy of our report if you are interested. 

Information and Concerns 
If at anytime you have further questions about the research project or any concerns you may contact Lewis 
Wood at email: lewis@woodphysiotherapy.com, mobile: 0210 2483 192. 
 
We would like to thank you for your valuable contribution to this research project. 
 
 
UREC REGISTRATION NUMBER: (2007.730) 
This study has been approved by the UNITEC Research Ethics Committee from 1st June 2007 to 31st December 
2008.  If you have any complaints or reservations about the ethical conduct of this research, you may contact the 
Committee through the UREC Secretary (ph: 09 815-4321 ext 7248).  Any issues you raise will be treated in 
confidence and investigated fully, and you will be informed of the outcome. 
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               PARTICIPANT INFORMATION SHEET 
                                                                                                CONTROL GROUP 
 
 
 
Effects of a manual therapy technique on mobility of the lower limb 
 
 
About this Research 
You are invited to take part in a research project being conducted by Lewis Wood, an Osteopath Masters 
student from Unitec, New Zealand. This research project will assess the effects of a manual therapy 
technique to the low back on neural mobility in the lower limb. Your participation will provide us with 
information about altering the flexibility of the lower limb. By taking part in this research project you will 
assist health care professionals to further their understanding of manual therapy and how it might 
contribute to better health care for other people.  
 
Research Location and Involvement 
The research will take place at Unitec (3rd Floor, Building 115, Entry 4, Carrington Road, Mt. Albert, 
Auckland). You will be requested to attend two sessions, initially around 30 minutes where you will have your 
flexibility measured. The second session of 10 minutes will simply re-measure your flexibility 2 days later. If 
you choose to participate you will be required to remove your outer clothes and change into a pair of your 
own shorts.  

Treatment Intervention  
Initially your hamstrings will be stretched to warm-up the muscle and joints. Then your lower limb flexibility 
will be recorded three times by the use of a digital measuring device. Temporary joint splints will be used 
around your knee and ankle to maintain their position. The following test positions for lower limb range of 
movement include: 
 
• The straight leg raise test, where you will be asked to lie on your back and a researcher will record the 

height they can raise your straight leg. 
 
• The passive knee extension test, where your leg will be supported on an adjustable bar with your 

towards your chest and the researcher will recorded the amount your knee can straighten.   
 
Then the researcher will leave the room and you will be asked to rest lying face down for a three-minute 
duration. After this, the researcher will re-enter to record your flexibility again. You will be requested to 
return for a second session 2 days later, when your flexibility will be re-measured to investigate any short-
term changes in length. In the unlikely event that an injury occurs through research participation, 
appropriate care will be organised (at the participant’s expense), including any required onward referral for 
healthcare. 

Privacy 
Your name and any information that may identify you will be kept completely confidential.  All information 
collected from you will be stored on a password protected computer or stored in a locked filing cabinet and 
only you, Lewis Wood, and supervisors Robert Moran or Derek Nash will have access to this information.  
After the conclusion of the study we can send you a copy of our report if you are interested. 

Information and Concerns 
If at anytime you have further questions about the research project or any concerns you may contact Lewis 
Wood at email: lewis@woodphysiotherapy.com, mobile: 0210 2483 192. 
 
 
We would like to thank you for your valuable contribution to this research project. 
 
 
UREC REGISTRATION NUMBER: (2007.730) 
This study has been approved by the UNITEC Research Ethics Committee from 1st June 2007 to 31st December 
2008.  If you have any complaints or reservations about the ethical conduct of this research, you may contact the 
Committee through the UREC Secretary (ph: 09 815-4321 ext 7248).  Any issues you raise will be treated in 
confidence and investigated fully, and you will be informed of the outcome. 
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PARTICIPANT CONSENT FORM  
 

 
Effects of a manual therapy technique on mobility of the lower limb 
 
This research project investigates the physical effects of osteopathic treatment.  The research is being 
undertaken by Lewis Wood, an Osteopath Masters student at Unitec NZ. 
 
Name of Participant:_________________________ 
 
I have seen the Participant Information Sheet dated 1st June 2007 for people taking part in the project titled 
“Effects of a manual therapy technique on mobility of the lower limb” and I have had the opportunity to read 
the contents of the information sheet and to discuss the project with Lewis Wood, and I am satisfied with 
the explanations I have been given.  I understand that taking part in this project is voluntary (my choice) 
and that I may withdraw from the project at any time and this will in no way affect my access to the services 
provided by Unitec NZ, or the Unitec Osteopathic Clinic. 
 
I understand that I can withdraw from the study if, for any reason, I want this. 
 
I understand that I can withdraw from the study at anytime up until the date of the last data collection 
session. 
 
I understand that my participation in this project is confidential, and no material that could identify me will 
be used in any reports of this project.   
 
I acknowledge that my lower limb flexibility will be recorded by an electronic measuring and pressure 
device. 
 
I acknowledge that any materials collected during the study will be stored securely for unto five years, only 
the researchers may access them. 
 
I know whom to contact if I have any questions or concerns about the project. 
 
The principal researcher for this project is Lewis Wood, but Rob Moran and Derek Nash will be the local 
contact person. 
Contact details: Lewis Wood, mobile: 0210 2483 192, email: lewis@woodphysiotherapy.com 
                          Robert Moran, telephone:  09 815 4321 ext8642 email: rmoran@unitec.ac.nz  
 
Signature: _____________________________ (participant)     Date:________________ 
 
Project explained by Lewis Wood 
 
Signature:_____________________________            Date:________________ 
 
 
The participant should retain a copy of this consent form. 
 
 
 
UREC REGISTRATION NUMBER: (2007.730) 
This study has been approved by the UNITEC Research Ethics Committee from 1st June 2007 to 31 December 
2008.  If you have any complaints or reservations about the ethical conduct of this research, you may contact the 
Committee through the UREC Secretary (ph: 09 815-4321 ext 7248).  Any issues you raise will be treated in 
confidence and investigated fully, and you will be informed of the outcome. 
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PARTICIPATION QUESTIONNAIRE  
 
Effects of a manual therapy technique on mobility of the lower limb 
 
This research project investigates the physical effects of osteopathic treatment.  The research is 
being undertaken by Lewis Wood, an Osteopath Masters student at Unitec NZ. 
 
To be included in the study sample please answer the questions below accurately. 
 
 
Name of Participant:_________________________ 
 
Do you think of yourself as having tight hamstrings? Yes  No  
 
Can you touch your toes whilst bending forwards    
with your knees straight?     Yes  No  
 

Are you aware of having any of the following significant physical problems 
 
Severely limited movement in your hip, knee or ankles? Yes  No 
 
Difference in leg length of more than 1cm?  Yes   No 
 
Any weakness or numbness in your lower limbs?  Yes  No         
 
Do you currently have severe low back or leg pain?  Yes  No 
 
Any history of surgery to your spine or lower limbs?  Yes  No  
 

(To be completed by the researcher) 
 
Does the participant have a positive slump test 
in one limb with asymmetry?              Yes                No        
 
Do they have a straight leg raise >90 degrees?              Yes                No        
 
Dominant Lower Limb Restriction?             Left                Right    
 
 
Participant’s:     Age___________    Weight _________kg    Height_________cm     

 
             Hip_________cm    Waist __________cm   Hip/Waist Ratio________ 

 
UREC REGISTRATION NUMBER: (2007.730) 
This study has been approved by the UNITEC Research Ethics Committee from 1st June 2007 to 31 December 2008.  If you 
have any complaints or reservations about the ethical conduct of this research, you may contact the Committee through the 
UREC Secretary (ph: 09 815-4321 ext 7248).  Any issues you raise will be treated in confidence and investigated fully, and you 
will be informed of the outcome. 
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Participant Recruitment Poster 
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Ethical Approval Acceptance Letter
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Template for Electrogoniometer Readings 
 
 

Name   
Subject 
Number        L4 or L5 SP    

SIDE Left or Right SLR  SLRNF  PKE  PKENF  

  Pre 1.0             

  Pre  2.0             

  Pre  3.0             

  Post 1.0             

  Post  2.0             

  Post  3.0             

  48Hr 1.0             

  48Hr 2.0             

  48Hr 3.0             

           

SLR L or R Pre  Post  48Hr  PKE L or R Pre  Post  48Hr 

 T1 0.0 0.0 0.0   T1 0.0 0.0 0.0 

 T2 0.0 0.0 0.0   T2 0.0 0.0 0.0 

 T3 0.0 0.0 0.0   T3 0.0 0.0 0.0 

 Average 0.0 0.0 0.0   Average 0.0 0.0 0.0 

 SD 0.0 0.0 0.0   SD 0.0 0.0 0.0 

           

SLRNF L or R Pre  Post  48Hr  PKENF L or R Pre  Post  48Hr 

 T1 0.0 0.0 0.0   T1 0.0 0.0 0.0 

 T2 0.0 0.0 0.0   T2 0.0 0.0 0.0 

 T3 0.0 0.0 0.0   T3 0.0 0.0 0.0 

 Average 0.0 0.0 0.0   Average 0.0 0.0 0.0 

 SD 0.0 0.0 0.0   SD 0.0 0.0 0.0 
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Template for Dynamometer Readings 
 

 
 
 

Subject Name:     Dynamometers Readings 

Subject Number:    
Hip Board Alignment to 
Gain  
90 Degrees Flexion:     

-3 to +3 Fixation 
Position   

Left or Right Limb:    

     

SLR    Pre Intervention 

Reset: T1   

0 T2   

Neck Angle: T3   

0 Max 0 

   

SLRNF   Pre Intervention 

Reset: T1   

0 T2   

Neck Angle: T3   

0 - 50 Max 0 

   

PKE   Pre Intervention 

Reset: T1   

0 T2   

Neck Angle: T3   

0 Max 0 

   

PKENF   Pre Intervention 

Reset: T1   

0 T2   

Neck Angle: T3   

0 - 50 Max 0 
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Verbalisation Protocol 

 
End Point of Stretch 

Sensation 
 

Whilst your eyes are closed, please 
press the hand clicker when you 

feel a stretch / resistance (as 
demonstrated) either in your calf, 
thigh, buttocks, back or neck as 

your leg is raised. 
 
 

Thank you 
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Appendix C 
 
 

Tables for Raw Data 
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Raw Data: Mean Change Scores for SLR and SLRNF 

 
 
 

SLR Pre-Post      Post-48Hrs     
Mean 
Changes 

Exp 
Group 

Sham 
Group 

Control 
Group Exp Group Sham Group 

Control 
Group 

  9.1   1.7 1.0   0.4 

  22.5 17.3 0.3 10.0 -17.6 -4.0 

  0.7 -0.3 7.2 0.8 6.6 4.0 

  5.0 19.8 0.3 -6.5 -15.1 3.4 

  14.4 2.7 1.7 10.5 -0.9 -1.1 

  29.5 19.5 -1.1 -2.5 -17.2 -5.5 

  9.4 -1.5 1.5 -0.1 4.2 0.9 

  26.7 10.3 -0.6 4.7 5.5 -4.6 

  9.8 4.8 -11.0 10.4 -12.2 -5.2 

  13.3 21.3 0.1 -2.3 -1.3 -2.9 

  22.5 18.6 5.5 0.4 4.1 -0.4 

  13.6 16.4 -9.6 0.6 -2.3 0.9 

Average 14.7 11.7 -0.3 2.2 -4.2 -1.2 

SD 8.8 8.8 5.3 5.5 9.5 3.3 

       

SLRNF Pre-Post      Post-48Hrs     
Mean 
Changes 

Exp 
Group 

Sham 
Group 

Control 
Group Exp Group Sham Group 

Control 
Group 

  -9.28   9.5 12.8   -4.4 

  13.82 -1.01 -1.7 -6.5 3.8 0.6 

  0.66 4.4 -3.3 -7.7 8.1 -0.5 

  11.09 20.72 4.4 -11.8 -18.7 0.6 

  19.93 11.73 2.2 13.4 -5.5 -1.3 

  28.61 15.61 3.7 2.0 -16.7 -6.2 

  14.17 -0.87 1.4 -2.6 4.6 1.6 

  12.73 17.61 2.3 4.0 7.5 -4.3 

  17.97 -4.16 -12.5 6.6 -0.8 5.1 

  13.94 10.03 1.7 -0.6 9.7 -8.4 

  25.44 25.9 4.6 -0.8 1.1 -5.1 

  9.54 26.23 -9.0 8.8 -8.8 8.2 

Average 13.22 11.47 0.3 1.5 -1.4 -1.2 

SD 10.17 10.82 6.1 8.0 9.8 4.8 
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Raw Data: Mean Change Scores for PKE and PKENF 

 

 

PKE Pre-Post      Post-48Hrs     
Mean 
Changes Exp Group 

Sham 
Group 

Control 
Group Exp Group Sham Group 

Control 
Group 

  -4.88   -9.7 12.1   1.1 

  0.64 -3.32 3.3 3.4 6.8 11.0 

  5.8 7.41 5.7 1.5 -2.2 -6.9 

  6.43 -11.96 3.4 -11.4 4.0 -3.4 

  0.86 4.2 2.7 7.7 -0.3 -0.5 

  0.27 -5.67 -12.2 -1.3 2.1 -2.3 

  2.26 -4.45 -1.3 -6.4 2.1 -7.1 

  5.22 -3.22 3.4 0.2 -0.6 0.9 

  8.66 8.45 4.6 0.8 -11.2 -2.1 

  -3.76 0.59 2.7 10.2 -1.0 -5.6 

  -6.92 5.85 -7.4 12.4 8.0 2.0 

  15.25 2.24 -10.1 -4.3 3.2 -2.9 

Average 2.49 0.01 -1.2 2.1 1.0 -1.3 

Total SD 6.24 6.32 6.6 7.5 5.2 4.9 

       

PKENF Pre-Post      Post-48Hrs     
Mean 
Changes Exp Group 

Sham 
Group 

Control 
Group Exp Group Sham Group 

Control 
Group 

  4.46   -4.1 -7.2   -5.4 

  -2.24 1.55 6.1 -1.2 10.1 2.5 

  11.02 6.89 1.0 12.7 3.5 -0.4 

  4.07 3.41 3.8 -11.9 0.5 4.2 

  6.98 -9.89 7.6 11.8 12.4 -0.1 

  5.39 -2.08 -3.9 1.4 0.2 -8.6 

  15.13 -0.08 -3.3 -11.4 -4.3 -1.9 

  7.41 -6.04 1.9 5.6 6.2 -11.8 

  13.27 -5.17 4.4 -0.8 -5.9 -6.2 

  4.12 11.01 -3.9 -0.2 5.4 0.0 

  4.54 -1.96 5.1 3.7 2.5 -0.1 

  24.15 4.47 -8.0 -15.3 3.2 9.3 

Average 8.19 0.19 0.6 -1.1 3.1 -1.5 

Total SD 6.85 6.10 5.0 9.0 5.5 5.8 
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Raw Data: Dynamometer PreROM Readings Measuring Force 
 

SLR Force (Newtons) PreROM Mean SD 

Exp Group 14.5 56 10 8 6 5.5 12.5 14 18 22 13.5 5 15.4 13.8 

Sham Group 7.0 9.0 13 16.5 14.4 10 7.5 5.5 13 10.5 6   10.2 3.6 

Control Group 14.0 16.0 11 14 21 7.5 14 8 8.5 15 13 22.5 13.7 4.7 

SLRNF 

Exp Group 10.0 51.0 8.0 10.5 11.5 10 16 17 14 18 17.5 6 15.8 11.8 

Sham Group 5.5 12.0 9 19 11.5 8.5 7.5 9.5 12.5 10.5 6   10.1 3.7 

Control Group 17.0 16.0 12.5 16 22 7 14 6 8 23 10 22 14.5 6.0 

PKE 

Exp Group 46.0 57.0 48 22 7 5.5 20 26 15 31 4 6 24.0 18.2 

Sham Group 17.0 29.0 18 23.5 5 25.5 3.5 40 4.5 13.5 2   16.5 12.3 

Control Group 26.0 4.5 18 8 19.5 11.5 4 9.5 10 20 6.5 30 14.0 8.6 

PKENF 

Exp Group 44.0 42.5 46 27 7 8 28.5 25 14 32 2 9 23.8 15.6 

Sham Group 32.5 41.0 20.5 20.5 8.5 30 6 34 9.5 6 7.5   19.6 13.0 

Control Group 25.0 8.0 12.5 18 10 19.5 8 6 7.5 15 6 23 13.2 6.8 
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Raw Data: Control Group Data for Measurement Error Calculations

SLR   Pre Tx Post Tx Day 2 SLRNF   Pre Tx Post Tx Day 2 PKE   Pre Tx Post Tx Day 2 PKENF   Pre Tx Post Tx Day 2

1 T1 52.1 41.7 45.4 1 T1 46.4 38.9 50.4 1 T1 60.5 54.2 48.3 1 T1 59.9 52.9 62.7

T2 50.6 42.1 40.1 T2 50.4 40.0 46.2 T2 66.7 54.9 51.5 T2 62.2 55.1 60.6

T3 51.2 41.2 42.2 T3 48.4 39.4 46.2 T3 65.0 52.9 53.3 T3 64.3 54.4 66.8

2 T1 44.0 45.9 42.0 2 T1 39.0 35.6 36.8 2 T1 33.1 40.9 47.0 2 T1 34.2 39.1 40.7

T2 45.5 45.0 40.3 T2 37.4 34.7 37.5 T2 32.9 36.0 50.2 T2 33.7 39.9 43.3

T3 45.2 44.7 41.3 T3 36.7 37.8 35.8 T3 35.4 34.4 47.1 T3 36.4 43.8 46.3

3 T1 28.8 37.9 40.4 3 T1 43.0 37.6 42.8 3 T1 48.7 52.0 45.0 3 T1 42.4 46.4 42.1

T2 28.8 36.2 40.6 T2 41.2 36.8 34.7 T2 47.2 54.1 47.2 T2 41.7 40.3 42.7

T3 27.8 33.0 38.1 T3 40.3 40.2 40.7 T3 48.8 55.6 48.6 T3 42.2 42.9 43.6

4 T1 39.0 38.7 49.1 4 T1 35.0 41.7 44.1 4 T1 34.1 46.3 23.6 4 T1 34.7 46.3 44.7

T2 39.9 41.1 39.9 T2 38.4 42.2 45.8 T2 42.1 45.3 49.0 T2 37.0 38.5 45.4

T3 40.2 40.2 41.2 T3 39.1 41.9 38.0 T3 41.3 36.1 44.9 T3 38.5 37.0 44.4

5 T1 43.3 44.9 37.2 5 T1 44.2 47.3 49.1 5 T1 54.4 55.6 49.8 5 T1 40.7 55.4 51.2

T2 45.2 47.8 47.0 T2 45.2 46.0 48.2 T2 52.7 57.5 55.9 T2 41.4 48.8 48.8

T3 43.2 44.2 49.4 T3 46.0 48.5 43.9 T3 51.0 53.2 58.9 T3 43.6 44.2 48.1

6 T1 60.8 61.6 51.7 6 T1 58.5 63.5 51.8 6 T1 76.4 61.6 58.7 6 T1 67.8 66.4 58.3

T2 62.0 58.6 54.7 T2 57.2 63.5 54.3 T2 75.2 62.8 62.7 T2 69.6 66.0 57.7

T3 62.2 61.5 58.9 T3 59.7 59.7 57.8 T3 76.9 67.7 63.7 T3 72.3 65.5 56.2

7 T1 35.1 39.6 38.7 7 T1 30.5 35.0 32.1 7 T1 41.8 48.3 38.2 7 T1 46.3 42.0 38.7

T2 36.5 37.6 38.4 T2 32.5 32.6 36.3 T2 43.9 42.0 36.8 T2 46.6 44.7 42.2

T3 37.4 36.6 39.5 T3 35.0 34.5 34.8 T3 45.6 37.2 31.2 T3 44.8 41.1 41.2

8 T1 44.4 42.6 37.7 8 T1 35.4 42.4 32.9 8 T1 39.5 43.9 42.6 8 T1 44.9 42.9 35.4

T2 39.2 39.4 35.5 T2 38.8 42.0 33.7 T2 37.8 41.9 44.1 T2 41.9 48.0 34.9

T3 40.3 40.2 35.1 T3 40.7 37.3 39.0 T3 40.2 41.8 43.9 T3 44.2 46.0 31.2

9 T1 41.3 32.9 26.3 9 T1 36.4 22.4 24.6 9 T1 29.5 34.6 37.6 9 T1 28.5 31.0 26.8

T2 40.5 25.7 21.4 T2 36.1 23.0 29.3 T2 31.1 37.7 29.1 T2 25.7 29.5 25.3

T3 40.0 30.0 25.5 T3 37.9 27.3 29.6 T3 28.1 30.2 29.5 T3 26.3 33.0 22.9

10 T1 37.1 37.0 35.2 10 T1 37.6 38.5 29.8 10 T1 44.9 50.6 43.7 10 T1 42.5 40.4 37.1

T2 39.0 41.6 34.9 T2 38.7 41.9 32.9 T2 46.7 49.7 44.1 T2 42.3 37.7 39.8

T3 40.5 38.3 38.1 T3 39.5 40.4 30.9 T3 48.2 47.6 43.2 T3 41.7 36.8 38.1

11 T1 27.3 38.7 32.1 11 T1 37.3 37.8 33.4 11 T1 57.6 41.9 42.2 11 T1 32.9 40.8 36.8

T2 30.7 34.4 33.7 T2 34.7 41.1 34.9 T2 42.5 37.6 42.5 T2 35.8 39.9 40.5

T3 30.0 31.4 37.5 T3 32.6 39.5 35.0 T3 36.9 35.4 36.1 T3 37.8 41.2 44.1

12 T1 52.1 41.7 45.4 12 T1 46.4 38.9 50.4 12 T1 60.5 54.2 48.3 12 T1 59.9 52.9 62.7

T2 50.6 42.1 40.1 T2 50.4 40.0 46.2 T2 66.7 54.9 51.5 T2 62.2 55.1 60.6

T3 51.2 41.2 42.2 T3 48.4 39.4 46.2 T3 65.0 52.9 53.3 T3 64.3 54.4 66.8
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Raw Data: Approximation of applied PA pressure used in the lumbar mobilisation 
technique, a mean force in newtons was calculated from ten PA mobilisation 

pressures produced by the therapist using a pisiform grip onto a electronic force 
dynamometer fixed to the plinth 

 
 
 
 
 

Trial Newtons 

1 82.5 

2 65 

3 78 

4 75.5 

5 76 

6 78 

7 69.5 

8 69 

9 78.5 

10 94.5 

Mean PA 
Pressure  77 

 
 
 
 


