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Preface 

Neurogenic disorders are common and their inci

dence is probably underestimated (Bennett 1997). 

With many recent developments in their manage

ment, it is merciful that they can now be treated with 

non-invasive physical methods. The notion of 

adverse neural mechanics has been present for many 

years and probably longer than we know. Wittingly 

or unwittingly, the first known description of a neuro

dynamic test was on the Edwin Smith Papyrus by 

Imhotep in 2800 BC, in which a leg straightening 

manoeuvre was performed in the diagnosis of low 

back pain in workers injured whilst building the 

Egyptian pyramids (Beasley 1982; Dyck 1984). 

However, between then and now, much has hap

pened and it is fascinating to note that, in addition 

to the neurodynamic tests for the lower quarter, the 

three major tests for the upper limb nerves (median, 

radial and ulnar) had been documented and illus

trated pictorially by the 1920s and 1950s (Bragard 

1929; Von Lanz & Wachsmuth 1959). Their anti-

tension counterpart postures were also illustrated 

next to these neurodynamic tests (Figs i, ii and iii). 

In the context of therapy, neural mobilization has 

undergone massive development, particularly in the 

last thirty-five years since Gregory Grieve, Geoffrey 

Maitland, Robert Elvey and David Butler published 

their work. Such an awareness of mechanical function 

of the nervous system has developed to the point 

where, for therapists dealing with pain and the muscu

loskeletal system, proficiency in neurodynamics has 





become a standard requirement. Nevertheless, an 

author whose work passed relatively unnoticed was 

Grieve (1970). The reason this paper is important 

is that in it Grieve commented on, for the first time 

that I am aware of in the physiotherapy literature, the 

notion of sensitivity of neural tissues being a key fac

tor in whether they produce symptoms. He remarked 

on the possibility that inflamed neural tissues may 

well be more likely to produce abnormal neurody

namic tests as opposed to those on which pressure was 

exerted by pathologies such as disc bulges. He also 

alluded to the possibility that nervous system process

ing could be a means by which neurodynamic tests 

might change with spinal manual therapy. These 

aspects have undergone somewhat of a renaissance 

and they turn out to be key facets of current thinking 

in clinical neurodynamics. 

Publications on neural problems are often com

plex, making it difficult for the clinician to apply 

neurodynamic techniques safely and effectively. My 

experience in teaching the approach around the 

world has led me to the conclusion that there is a gap 

in clinical expertise and resources. My intention with 

this book therefore is not to provide a detailed review 

of the literature but to quench the thirst in the clini

cian for a practical book that is balanced with enough 

theory to make sense of the practical application, with 

emphasis on selection and application of manual 

techniques that attack the causative mechanisms. For 

that reason, I have written this for the clinician who 

requires an understanding of the fundamentals of, 

and advances in, neurodynamics in relation to the 

musculoskeletal system. Emphasis in the early parts is 

on theoretical neurodynamics. What then follows is a 

system of how to work out patient problems; includ

ing classifications of dysfunctions; how to plan a safe 

and appropriate physical examination; how not to 

provoke pain, yet still have a beneficial effect; how to 

establish whether the nervous system is abnormal and 

how to construct a treatment regimen using a pro

gressive system of mobilization techniques. 

Functional neuroanatomy has been presented in 

numerous peer reviewed journals and is summar

ized well in other monographs (Breig 1960, 1978; 

Sunderland 1978, 1991; Butler 1991), so this aspect 

is not presented, other than some of the key points 

relevant to neurodynamics. New aspects that have 

not been presented elsewhere are proposed, such as 

a practical and systematic method of working 

through neurodynamic problems, with the final 

outcome being that the therapist understands, and 

can practise, this exciting subject more proficiently. 

This book is also intended to be an update so as to 

provide new options for treatment that the clinician 

may never have previously considered. One of the 

key aspects is the treatment of neurodynamic prob

lems in conjunction with the musculoskeletal sys

tem. After all, many neural problems have their 

causes in the musculoskeletal system and, unfortu

nately, the emphasis in the past has been on mobiliz

ing the nervous system per se, at the expense of 

integrating treatment of the musculoskeletal system. 

Neural mobilizations, particularly stretches, have at 

times been the mainstay of treatment, rather than 

being applied in a way that addresses how the body 

really moves, that is, in an integrated fashion that 

includes the relational dynamics between both the 

neural and musculoskeletal systems. 

The general format of this book follows the 

process of clinical neurodynamics from beginning 

to end, from the perspective of the therapist. Even 

so, much of what therapists generate in treatment 

comes from our patients which makes it tempting to 

start this book from the patient's presentation, work 

backwards into the theory of what might be wrong, 

then finish with the anatomy and biomechanics. 

This is actually the way I do most of my learning, 

because many of the best questions come from the 

clinic. However, this can not easily be achieved in a 

book because learning is a circular process that 

involves constant revisiting and reorganizing knowl

edge so that it eventually grows into a flexible con

struct on which to base treatment. Some knowledge 

of the basic framework is required to start with. 

Hence, the first few chapters consist of theoretical 

neurodynamics and pathodynamics (general and 

specific) and the basis for diagnosis and treatment 

and are referred to in the later chapters. 

One of the key principles in this book is that 

mechanics and physiology of the nervous system 

must be linked in the clinician's mind so that safe 

and effective decisions can be made. For too long 

now, the terms 'neural tension', 'neural stretch' and 

'neural provocation' have been dominant and, even 

though the situtation is improving, more change is 

necessary. Hence, the concept of neurodynamics, as 

I originally conceived it (Shacklock 1995a, b) , is the 

mainstay of this book. 



With the above in mind, I felt the need to produce 

an approach that is in some ways uniquely useful to 

the clinician. The approach is therefore character

ized by the following: 

1. links between mechanics and physiology of the 

nervous system 

2. integration of neurodynamics with musculoskele

tal functions 

3. a new movement diagram that enables the clinician 

integrate musculoskeletal and neural mechanisms 

4. a new system for determining the kind and exten-

siveness of examination and treatment based on 

neurodynamics and neuropathodynamics 

5. the concept of neurodynamic sequencing and 

various options in assessment and treatment 

6. new diagnostic categories of specific dysfunctions 

based on neuropathodynamics 

7. treatment progressions derived from the above. 

This text is about a particular modality in the 

treatment of neuromusculoskeletal disorders. As 

such, the approach is peripheralist and will have limi

tations that the reader should bear in mind. I am not 

a peripheralist (I am actually a biopsychosocialist), 

but I still believe that afferent mechanisms play a great 

role in producing pain and suffering. Nevertheless, it 

is common for therapists to diagnose more frequently 

the problems they have recently learned about, which 

raises the possibility of false diagnosis due to raw 

enthusiasm. At all times, the reader will realize that 

clinical neurodynamics is only one aspect of manage

ment of the person in pain and all other relevant 

information should be included in clinical decision 

making. For instance, the existence of a neural prob

lem does not necessarily mean that a treatment with a 

neurodynamic technique is warranted. This could be 

because other treatments may attack the causative 

mechanisms more effectively or neurodynamic appli

cation may be contraindicated. Clearly, the biopsy-

chosocial approach to neural problems will place this 

book in its rightful place as just a modality of treat

ment that will be effective in some patients and not in 

others. 

Clinical neurodynamics is for clinicians dealing 

with musculoskeletal disorders with peripheral 

neurogenic pain mechanisms, including those of the 

nerve root and peripheral nerve. There is no assump

tion that all problems are as such, or that the treat

ments presented in this book act only on peripheral 

mechanisms. The clinician will naturally and respon

sibly establish that it is appropriate to treat patients 

with clinical neurodynamics before doing so. 
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THE CONCEPT OF NEURODYNAMICS 

As the concept of 'neural tension' emerged, and as my 

understanding of it developed, I became increasingly 

uncomfortable with the word 'tension'. This was 

because, for therapists, the corollary of 'tension' is 

'stretch', which they did. Neural stretching then 

became a mainstay of neural mobilization, placing 

patients at risk, because stretching may irritate 

nerves and provoke pain. Consequently, therapists 

who were not confident in the approach were, at best, 

flummoxed by the occurrence of a positive test and 

tentatively fiddled in the hope that something 

good would come out of their exploits. At worst, they 

gave up on neural mobilization for fear of provoking 

the patient's symptoms. Sometimes, they revisited 

neural problems more gently but not very effectively. 

Hence, I came to the belief that aspects of nervous 

system function, such as movement, pressure, vis-

coelasticity and physiology were equally important 

and were at that time being omitted from the analy

sis. These thoughts prompted me to write the paper 

'Neurodynamics' (Shaddock 1995a) with the pur

pose of stimulating serious integration of mechanics 

and physiology of the nervous system in the manual 

treatment of neuromusculoskeletal disorders. In his 

book Adverse Mechanical Tension in the Central 

Nervous System, Breig (1978) had already discussed 

physiology of the nervous system being affected 

by mechanics. However, tension was the focus, it 

was from a surgical perspective, and links between 

mechanics and physiology were not comprehensively 

or specifically brought into physical treatments. Now 

that so many improvements have made it possible 

and justifiable to treat nerves with much more sci

ence and safety, neurodynamics has thankfully 

become a standard aspect of treatment of neuromus

culoskeletal disorders. 

As I originally conceived it, the concept of neurody

namics has essentially remained the same in terms of 

the fundamental points but, in addition, it has evolved 

further to integrate mechanical and physiological 

mechanisms in a way that makes it easier and safer to 

apply neurodynamic techniques. Also, in this book, 

neurodynamics is integrated with musculoskeletal 

function and neurodynamic sequencing is developed 

on. The following is an update and breakdown of 

neurodynamics into its essential aspects, ready for 

clinical application. For clarity, I have divided the 

subject into two main sections, general neurodynam

ics (this chapter) and specific neurodynamics (Chapter 

2). General neurodynamics is concerned with funda

mental mechanisms that apply to the whole body, no 

matter what region. Specific neurodynamics applies 

to particular regions of the body to cater for local 

anatomical and biomechanical idiosyncracies that the 

therapist must take into account to make examination 

and treatment more specific to the patient's needs. 

GENERAL LAYOUT OF THE SYSTEM 

A three part system 

The following conceptual model is a framework on 

which to base neurodynamic techniques. The con

cept is presented in this manner because of its accur

acy and the fact that it provides the foundation on 

which the application of neurodynamics can be 

made systematic. A three part system is used in which 

the tissues of the body are categorized with respect 

to the nervous system. This is not to say that the 

nervous system is necessarily the most important 

component, but if we intend to analyse events with 

respect to it, then this approach serves our purpose. 

Another reason for considering the nervous system 

as follows is that it enables us to categorize its dynam

ics according to the relevant components so that diag

nosis and treatment can be derived from the causal 

mechanisms (Fig. 1.1). 

Mechanical interface 
The body is the container of the nervous system in 

which the musculoskeletal system presents a mechan

ical interface to the nervous system (Shacklock 1995a). 

The mechanical interface can also be called the nerve 

bed and consists of anything that resides next to the 

nervous system, such as tendon, muscle, bone, inter

vertebral discs, ligaments, fascia and blood vessels. The 

interface behaves like a flexible telescope in which the 



nervous system is contained and whose movements 

the nervous system must follow. During daily move

ments, the telescope elongates and shortens, bends, 

twists and turns, resulting in simultaneous changes in 

the neural structures. In doing so, the complexity of 

interactions between the nervous and musculoskeletal 

systems is a natural part of body movement. A good 

knowledge of these events is a key part of clinical prac

tice, so that assessment and treatment can be directed 

specifically toward them. 

Neural structures 
The neural structures are simply those that constitute 

the nervous system. Included are the brain, cranial 

nerves and spinal cord, nerve rootlets, nerve roots and 

peripheral nerves (including the sympathetic trunks) 

and all their related connective tissues. The connect

ive tissues of the nervous system are formed in 

the central nervous system by the meninges (pia, 

arachnoid and dura maters) and in the peripheral 

nervous system by the mesoneurium, epineurium, 



perineurium and endoneurium. In terms of pain 

mechanisms, the dorsal root ganglion, nerve roots 

and peripheral nerves are considered to create 

peripheral neurogenic mechanisms. Even so, and para

doxically, the connective tissues of the nervous system 

produce a form of nociceptive mechanism. This is 

because they are also innervated tissues and act 

through the nociceptors. 

Although they are interdependent, functions that 

are located in the neural structures can be divided 

into mechanical and physiological types. The pri

mary mechanical functions in the nerves are tension, 

movement and compression and the key physio

logical functions are intraneural blood flow, impulse 

conduction, axonal transport, inflammation and 

mechanosensitivity. 

Innervated tissues 
Innervated tissues are simply any tissues that are 

innervated by the nervous system. Virtually all tissues 

are likely to be innervated, whether directly by nerve 

endings or by the psychoneuroimmune connection. 

However, this book is concerned with the direct neur

onal connections of the nervous system with its 

innervated tissues for three reasons. The first is that 

they provide the basis for some causal mechanisms 

that therapists should pay particular attention to. 

Such an example would be injury to the innervated 

tissues by way of overstraining them. This could in 

some cases produce excessive stretching of a periph

eral nerve or nerve root and clinical sequelae. Also, in 

terms of physiology, the nervous system interacts 

in both afferent and efferent directions with the 

innervated tissues and these actions can be clinically 

important. More detail on this aspect is presented at 

various stages throughout this book. 

The second reason for making specific reference 

to the innervated tissues is that they provide the ther

apist with the opportunity to move nerves. For 

instance, a mechanism by which therapists can use 

the innervated tissues to test the femoral nerve and 

its associated nerve roots is by movement of the 

quadriceps muscle. Stretching the muscle applies 

tension to the nerve and therefore yields techniques 

for testing and treatment. Another example is the 

median nerve stress test as it applies tension to the 

median nerve with extension of the middle finger 

(Laban et al 1989). Many other examples exist and 

they are used later in this book. 

The third reason for presenting the importance of 

the innervated tissues is that, surprisingly, sometimes 

treatment of the innervated tissues is the best way to 

treat what seems to be a neural problem. For instance, 

a nerve root disorder may produce trigger points in 

the muscles innervated by the related nerve root. In 

the absence of a thorough examination of the innerv

ated tissues, pain in these muscles would typically be 

termed referred pain and the muscles would often be 

ignored. However, with the knowledge that neuro

genic inflammation and Kingery's effects may occur 

in these muscles in the presence of a mechanosensi-

tive nerve root, it may be essential to treat the muscles 

as part of treatment of what started as a nerve root 

disorder and ends as a multifactorial problem. 

PRIMARY MECHANICAL FUNCTIONS 
OF THE NERVOUS SYSTEM 

General points 

The nervous system possesses a natural ability to 

move and withstand mechanical forces that are gen

erated by daily movements. This capacity is essential 

in the prevention of injury and malfunction. For the 

reader to progress to the clinical application stages of 

this book, it is important that the key mechanical 

functions of the nervous system are understood 

clearly because they form the basis for much of the 

systematic approach presented. 

For the nervous system to move normally, it must 

successfully execute three primary mechanical func

tions; withstand tension, slide in its container, and be 

compressible. Ultimately, all mechanical events in 

the nervous system stem from these three functions, 

such that the more complex mechanical events that 

occur during human movement are merely combin

ations of tension, sliding and compression. These 

three primary events occur in both peripheral and 

central nervous systems. However, they are often 

achieved in different ways because of the existence of 

regional differences in anatomy and biomechanics. 

Always, each of the component mechanical events 

will interact with the others. However, in some cases, 

it is possible to ascertain that a particular component 

dominates the clinical problem. Present is the 

opportunity for the clinician to deliberately bias 

examination and treatment techniques to the specific 

neurodynamic components. 



a. Tension 

The first of the primary mechanical events in the 

nervous system is the generation of tension. Since 

the nerves are attached to each end of their container, 

the nerves are lengthened by elongation of the 

container, which, as mentioned, behaves like a tele

scope. The joints are a key site at which the nerves are 

elongated. The mechanisms by which forces are trans

mitted between the container and the nerves are 

complex and are described in more detail later in this 

chapter. Stronger parts of the nervous system, e.g. the 

sciatic nerve, can withstand well over 50 kg of tension 

(Symington 1882) (Fig. 1.2). 

Perineurium 
The perineurium is the primary guardian against 

excessive tension and is effectively the cabling in the 

peripheral nerve (for review, see Sunderland 1991). 

Densely packed connective tissue and forming each 

fascicle, the perineurium possesses considerable lon

gitudinal strength and elasticity. It allows peripheral 

nerves to withstand approximately 18 -22% strain 

before failure (Sunderland & Bradley 1961; reviewed 

in Sunderland 1991). 

b. Sliding of nerves 

The second primary mechanical event in the nervous 

system is the movement of the neural structures 

relative to their adjacent tissues (McLellan & Swash 

1976; Wilgis & Murphy 1986). This is also called 

excursion, or sliding, and occurs in the nerves longi

tudinally and transversely. Excursion is an essential 

aspect of neural function because it serves to dissi

pate tension in the nervous system. Just as gaseous 

molecules move down the pressure gradient from 

regions of high to low density producing equaliza

tion of pressure, so do nerves slide down the tension 

gradient by displacing toward the point of highest 

tension to produce an equalization of tension 

throughout the neural tract. 

Longitudinal sliding 
The sliding of nerves down the tension gradient 

enables them to lend their tissue toward the part at 

which elongation is initiated. This way, tension is dis

tributed along the nervous system more evenly, rather 

than it building up too much at one particular loca

tion. An illustration of the protective effect of neural 

sliding is the following. Blood flow in peripheral 

nerves is blocked at 8 - 1 5 % elongation (Lundborg & 

Rydevik 1973; Ogata & Naito 1986), yet the nerve bed 

that contains the median nerve elongates by 2 0 % 

between full elbow flexion and extension (Millesi 

1986). If the sliding of the nerve from its proximal 

and distal ends toward the site at which tension is 

applied (the elbow) did not occur, neural ischaemia 

would result. However, the median nerve continues to 

function normally even if we hold our elbow straight 

for a sustained period. This is because the actual 

strain in the nerve is probably only 4 - 6 % (Millesi et al 

1995) and is due to the nerve sliding toward the elbow 

from the wrist and shoulder. Another example of the 

protective effects of longitudinal sliding is the straight 

leg raise, in which the sciatic/tibial nerve bed elong

ates by up to 124mm (Beith et al 1995). Calculated 

in a person 1.75 m tall, this would amount to approxi

mately 14% elongation of the nerve bed. It is not 

normal to produce nerve failure with the straight leg 

raise and means that the nerve is protected from 

excessive elongation by an intrinsic mechanism, that 

is, sliding. In contrast, nerves are more likely to mal

function if additional movements are performed 

that prevent sliding by creating a simultaneous 

increase in neural tension from both ends. Such 

examples in the case of the median nerve are con

tralateral lateral flexion of the neck, glenohumeral 

abduction and wrist and finger extension. The add

ition of elbow extension would now produce neural 

symptoms even in the normal subject. This introduces 

the phenomenon of convergence and is discussed 

later (Fig. 1.3). 



Transverse sliding 
Like longitudinal movement, transverse sliding is also 

essential because it helps to dissipate tension and 

pressure in the nerves. Transverse excursion occurs in 

two ways. The first is to enable the nerves to take the 

shortest course between two points when tension is 

applied. This is particularly important in locations 

where transverse movement is a key part of the 

nerve's local biomechanics, for example, the superfi

cial peroneal nerve over the ankle. The second means 

by which transverse movement occurs is when nerves 

are subjected to sideways pressure by neighbouring 

structures, such as tendons and muscles. Sideways 

pressure induced by movement of the flexor tendons 

causes the median nerve at the wrist to slide trans

versely out of its resting position (Nachamichi & 

Tachibana 1992; Greening et al 1999). In certain 

positions, neck movement can be seen to move this 

nerve out of its original position in the nerve's 

attempt to take the shortest course between the hand 

and neck (Shaddock & Wilkinson 2000, unpublished 

recordings, School of Medical Radiation, University 

of South Australia). Also, we have observed signifi

cant transversus movement in the median and 

posterior interosseous nerves at the elbow during 

supination and pronation movements (Shaddock 

et al 2002, unpublished recordings, School of Medical 

Radiation, University of South Australia). Specific 

combinations of upper limb and spinal movements 

can be used to deliberately produce transverse sliding 

of nerves (Shaddock & Wilkinson 2001). Various 

combinations of sliding movements that can be pro

duced by limb and spinal movement are illustrated in 

the CD that accompanies this text (Fig. 1.4). 

Mesoneurium and internal sliding 
of fascicles 
Sliding of peripheral nerves in their bed is provided 

by specific connective tissues (Lang 1962; Millesi 

1986). At surgery, and in cadavers, the mesoneurium 

has been observed to be a thin multilayered mem

brane made of loose connective tissue that has dis

tinct boundaries and behaves in a fashion similar 

to the synovial membrane around tendons (Rath & 

Millesi 1990). Another dimension of neural sliding is 

the movement of particular fascicles on their neigh

bouring bundles. This interfascicular sliding is per

mitted by interfascicular epineurium which also 

consists of soft and loose connective tissues (Millesi 

et al 1990). The capacity of nerves to function in 

this way means that they can respond internally as 

well as externally to the forces to which they are 

subjected. 



3. Compression 

Compression is the third primary mechanical func

tion of the nervous system. Neural structures can dis

tort in many ways, including the changing of shape 

according to the pressure exerted on them. A clinical 

example of compression exerted by the mechanical 

interface is wrist flexion pressing on the median 

nerve at the wrist in Phalen's sign (Phalen 1951). 

Another is elbow flexion applying pressure on the 

ulnar nerve at the elbow (Gelberman et al 1998). 

In these cases, bone and tendon combined with 

muscle and fascia are what press on the nerve. The 

spinal equivalent of these manoeuvres is extension 

ipsilateral lateral flexion, which closes the spinal canal 

and intervertebral foraminae around the nerve roots. 

In this way, the mechanical interface transmits forces 

to the nervous system which then responds to these 

demands by altering its own dimensions and pos

ition. The nervous system effectively moves down the 

pressure gradient (Fig. 1.5). 

Of particular clinical value in the above context 

are movements of the mechanical interface. This is 

because sometimes it is necessary to deliberately 

adjust the position of the interface so as to alter the 

amount of pressure on neural structures in making 

diagnosis and treatment specific to the existing prob

lem. Pressure on the nervous system can be increased 

or decreased, depending on whether a closing or 

opening movement is performed. 

Epineurium 
The epineurium is the padding of the nerve and is 

what protects the axons from excessive compression. 

It consists of finer and less densely packed connect

ive tissue than the perineurium, a feature that gives 

the nerve spongy qualities and enables the nerve to 

spring back when pressure is removed (reviewed in 

Sunderland 1978,1991) . 

HOW NERVES MOVE 

As mentioned, the three primary mechanical events 

that the nervous system relies on are tension, sliding 

and compression. They occur interdependently and 

are caused by a complex series of events. The mech

anisms by which body movements produce these 

events, and how they can be used by the therapist, 

are presented below. 

Movement of joints 

Convergence 
Movement of joints is the first way that movement-

inducing forces are applied to the nervous system. An 



nerves can slide toward the joint from other areas, 

keeping the tension low. However, elongation of the 

nerves at several points along their course, such as at 

contiguous joints, reduces the amount that the nerves 

can slide, or 'lend' neural tissue, toward any particular 

joint. For this reason, movements of several joints in 

series produces greater elongation of the neural tissues 

than when only one joint is moved. A neurodynamic 

test utilises this principle by combining movements of 

several connected joints and the related innervated tis

sues and results in the summation of the above events. 

Nerve bending 
The bending of a neural structure around its interface 

is a good example of the combining of fundamental 

events to produce a more complex action. The ulnar 

nerve at the elbow is a case in point. As the elbow 

flexes, the nerve, being on the convex side of the joint, 

is elongated. Simultaneously, the nerve must bend 

around the bony trochlea, at which point the nerve is 

also compressed by three mechanisms. The first is the 

need for the nerve to take the shortest course between 

its two ends, which results in the nerve being pushed 

against the trochlea, undergoing increased internal 

pressure. The second compression mechanism is pro

duced by the structures over the nerve, particularly 

fascia that forms the roof over the cubital tunnel push

ing on the top of the nerve. The third is by an increase 

in tension in the nerve producing approximation of its 

fascicles. Tension is produced in the nerve by a further 

two mechanisms: a. the nerve being on the convex side 

of the joint makes it take a longer course around the 

joint than if it were on the concave side; b. the bending 

of the nerve produces more tension in the part of the 

nerve that is furthest from the joint axis. Hence, even 

within the nerve, different parts undergo different 

events, depending on the local intricacies (Fig. 1.7). 

Movement of the innervated tissues 

In addition to longitudinal forces being applied 

to the nervous system from the joint adjacent to 

the nerve, the innervated tissues can be used to 

produce such events. For instance, in the lower limb, 

dorsiflexion of the foot and toes can be used to apply 

tension to the sciatic nerve as this movement is com

bined with the straight leg raise or slump tests. The 

slump test is an example of using the points of ner

vous system fixation at each end of the nerve tract to 

increase in length of the neural container occurs on 

the convex side of joints and this dimension decreases 

on the concave side. The neural events that follow 

joint movement are therefore influenced by where the 

nerve is situated relative to the joint axis. If the nerve 

lies on the convex side, it will be subjected to elonga

tion forces, whereas, if the nerve is located on the con

cave side, it will be subjected to shortening forces. 

Even though the container elongates around the 

nerves on the convex side of the joint, the nerves do 

not follow this movement entirely. This is because 

neural tissue is 'lent' from each end of the nerve tract 

toward the point where interface movement occurs. 

This partly offsets increases in neural tension as the 

nerves slide down the tension gradient, mentioned 

earlier. Relative displacement of the nerves toward the 

joint then occurs. The nerves slide in the direction of 

the joint because that is where elongation is initiated. 

The effects at the two ends of the system summate to 

produce little or no movement of nerves relative to 

the joint roughly at its midpoint. This phenomenon is 

called 'convergence' and is provided by the capacity of 

the nerves to 'lend' their tissue and slide in the direc

tion of the joint from both ends of the nerve tract. 

The overall reason for convergence occurring is that 

tension is effectively applied at the joint that is moved. 

Having said the above, it depends on the observer's 

point of reference. A component of convergence is 

actually an illusion created by displacement of nerves 

relative to bone in which the interface telescopes out

ward from the joint further than the nerves do. 

Because the nerves do not telescope as far as the inter

face does, to avoid excessive increase in tension, they 

must be lent tissue from either end and consequently 

slide toward the joint. This occurs at the same time as 

the nerve tissue undergoing a small amount of true 

internal elongation and is indeed a paradox (Fig. 1.6). 

Convergence occurs in the limbs (Smith 1956; 

McLellan & Swash 1976) and spine at the most mobile 

of spinal segments (C5-6, C4-5) during sagittal 

movements (Adams & Logue 1971; Louis 1981). The 

point of convergence is a site where displacement of 

nerve tissue relative to bone reaches zero. Convergence 

appears to be a universal neurodynamic event and 

occurs opposite joints that are moved or, if several 

joints are moved, convergence will be most evident 

adjacent the joint that moves the most. 

Generally, movement of a single joint will not 

evoke much tension in neural structures because 





apply elongation forces to the nervous system. The 

nervous system is attached to its container at the top 

end by the dura inserting into the cranium and at its 

bottom end by the digital nerves terminating in the 

toes. Hence, movements that increase the distance 

between the two end points in the nervous system (at 

the head and feet) will increase tension in the nerves 

and evoke neural movement. Knowledge of the 

innervated tissue sites for the nervous system is an 

integral part of clinical neurodynamics and can be 

particularly useful in the diagnosis of which compon

ents are relevant to the patient's problem. An example 

of this is the application of a modified radial neuro-

dynamic test for the radial sensory nerve in the case 

of de Quervain's disease (Fig. 1.8). 

Movement of the mechanical interface 

Defining opening and closing around 
the nervous system 
A new movement diagram 
It is important at this point that the reader be 

acquainted with the exact definitions of opening 

and closing. In a diagrammatic representation, each 

event occupies its unique direction in the movement 

complex in which the movement is considered rela

tive to the nervous system. An axis passes through 

the diagram and illustrates the neutral position as it 

divides the opening and closing sides. The move

ment of closing reduces the distance between the 

neural tissues and movement complex and therefore 

causes pressure to be exerted on the nervous system. 

Opening occurs in the direction away from the ner

vous system and therefore produces a reduction in 

the pressure on the neural elements. 

The reason for creating this type of movement 

diagram is that the nervous system must at times be 

analysed in terms of what occurs in its mechanical 

neighbour. The position and mechanical function 

of the musculoskeletal tissues relative to the nervous 

system can be illustrated on this diagram which 

extends Maitland's movement diagram to incorporate 

the two-way dynamics (opening and closing) of the 

mechanical interface in relation to the nervous system 

(Maitland 1986) (Fig. 1.9). 

The reason for placing both opening and closing 

movements in the same conceptual framework is 

that the dynamic relationships between the two are 

important in their effects on the nervous system. 

For instance, the movement complex might show 

an increase in both opening and closing, placing 

altered forces on the nervous system. This would 

constitute multi-directional instability with expan

sion of the neutral zone and would require motor 

control exercises to reduce forces on the nervous sys

tem. Alternatively, a reduction in opening can occur 

whilst, at the same time, closing can be normal. In 

this case, even though the nervous system is not 

pressed on directly by the interface, the nervous 

system may never be sufficiently relieved of pres

sure. This constitutes a distinct kind of mechanical 

dysfunction that is often missed and requires a 

technique that opens the interface without closing 

it and is perfectly suited to specific passive move

ments, especially in the spine. Yet another kind 

of dysfunction would be excessive closing with 

reduced opening. This would produce migration 

of the neutral zone toward the neural structure 

and may need correction. Different types of inter

face dysfunctions exist and these are covered in 

more detail in Chapter 4 on diagnosis of specific 

dysfunctions. 



Application of the movement 
diagram 
The proposed movement diagram can be used by the 

clinician to document and analyse the movement-

related events in the mechanical interface in relation 

to the nervous system. It assists in mechanical diag

nosis, clinical reasoning and the development of the 

best treatment. In using the diagram, the therapist 

comes to specific conclusions about the relational 

dynamics between opening and closing and how 

they may be treated. Naturally, production of the dia

gram requires proficiency in manual examination of 

the musculoskeletal and nervous systems and the 

ability to document accurately the physical and sub

jective findings. 

Closing mechanisms 

A clinical example of using a closing mechanism 

is Phalen's test (Phalen 1951, 1970), which closes the 

carpal tunnel structures around the median nerve and 

compresses the nerve. Since closing is universal, it can 

be applied to many areas of the body. A spinal example 

is the performance of extension/lateral flexion which 

exerts pressure on the ipsilateral nerve roots in their 

intervertebral foraminae. Closing manoeuvres such as 

this are particularly useful in diagnosis of an interface 

component to neural problems. 

Closing mechanisms can be relatively independ

ent of longitudinal effects in nerves. Again with 

Phalen's test, even though the median nerve is com

pressed by flexion, tension in the nerve is reduced 

because the nerve is located on the concave side of 

the joint. This is in contrast with the ulnar nerve at 

the elbow, which, in the process of being compressed 

by elbow flexion (Pechan & Julis 1975), is also ten-

sioned by this movement (Tsai 1995; Crewel et al 

2000). The nerve passing over different sides of the 

joints is what causes such regional differences and is 

an important aspect of modifying neurodynamic 

tests to suit the patient's needs. 

As mentioned, compression of neural structures 

occurs by virtue of the nerve container closing around 



the nerves. Given the right conditions, in addition to 

tunnel and joint structures pressing on nerves, so 

can muscles. Compression of nerves by muscles 

during their contraction is a normal phenomenon. 

However, an example of excessive muscle contraction 

with resultant neuropathy is the posterior interosseous 

nerve being compressed by the supinator muscle in 

cases of supinator tunnel syndrome (Werner et al 

1980). Stretching this muscle also applies pressure to 

the nerve and this kind of event can also occur in 

other nerves (Werner et al 1985a, 1985b). 

In relation to causes of neural problems, it is pos

sible that excessive contraction of a muscle that is 

situated adjacent to a peripheral nerve could irritate 

or compress the nerve. This may not cause changes 

in nerve conduction, particularly if the compression 

is not severe and is only intermittent. However, this 

could be quite painful. 

On the subject of diagnosis, it is possible with phys

ical testing to ascertain whether an interface compo

nent has primarily a contractile or stretch component. 

In addition, it may be necessary to perform an exami

nation that is more sensitive than the standard one, 

taking into account the subtleties in interface dynam

ics. This is achieved by combining a mechanical test 

for the relevant nerve with active contraction or pas

sive stretch of the interfacing muscle and would test 

the interplay between the two. In the examination of 

interactions between joint, muscle and nerve, clinical 

tests can be combined with other closing or opening 

mechanisms, for instance, joint position. Clearly, sys

tematic examination of all the relevant components is 

necessary to ascertain the pertinent aspects. 

Opening mechanisms 

Like closing mechanisms, opening ones are also 

universal. In the extremities, opening mechanisms 

would consist of elevating the scapula for thoracic 

outlet syndrome, straightening the elbow for ulnar 

neuritis and releasing the piriformis muscle to reduce 

pressure on the sciatic nerve. In the spine, flexion and 

contralateral lateral flexion would reduce pressure on 

the contralateral nerve roots. 

Intervertebral foramen opening and 
closing differ from joint opening and 
closing 
It is important at this stage to emphasize the point 

that intervertebral foramen opening and closing are 

not the same as joint opening and closing. For 

instance, in the cervical spine, the posterior interver

tebral joints are opened by contralateral lateral flexion 

and ipsilateral rotation. However, if one observes on a 

skeleton the effect of these movements on the dynam

ics of the intervertebral foramen, it can be seen that 

this combination actually produces a degree of closing 

of the foramen because the posteroinferior corner of 

the upper vertebral body at the foramen moves back

ward into the foramen. The produces approximation 

of this part of the vertebral body toward the superior 

facet of the segment below, closing down the antero

posterior dimension in the foramen. Instead, the best 

movements to open the foramen are flexion, con

tralateral lateral flexion, and contralateral rotation. 

These movements are used extensively in the treat

ment of dysfunctions of the mechanical interface for 

various types of radiculopathy, as presented later. 

The importance of specificity in 
mechanical diagnosis 

The above section illustrates the importance of sep

arating different mechanical events in examination so 

that diagnosis and treatment can be directed at the 

specific pathodynamic mechanisms. For instance, a 

patient might have an interface closing problem 

rather than a neural tension problem and it would be 

important to bias physical tests and treatment to the 

relevant component. Also important is the point that 

clues about which component dominates the prob

lem can be obtained clinically because the signs and 

symptoms will frequently reflect the neurodynamic 

mechanisms. The patient whose provoking move

ment is a squeezing action, triggering pins and nee

dles in the first three digits of the hand, may have an 

interface problem such as excessive contraction of the 

pronator teres muscle. In which case, the physical 

examination may include a neurodynamic test that 

incorporates contraction and/or stretch of the muscle 



to ascertain if a disorder of this closing mechanism is 

present, given appropriate circumstances. However, 

this is quite an extensive technique for which specific 

guidelines on selection are presented in Chapter 6. 

THE NERVOUS SYSTEM IS A 
CONTINUUM 

Transmission of forces along the 
system 

The nervous system is a very long organ. As such, it 

provides unique features that explain many clinical 

problems that are not attributable to other systems 

and can be utilized by clinicians who treat neuromus-

culoskeletal problems. The following illustrates the 

value in making clinical use of the length of the system. 

Neck movements, particularly flexion and exten

sion, produce changes in position and tension in the 

lumbar spinal cord and nerve roots (Breig & Marions 

1963). Macnab (1988, personal communication) has 

stated that, at surgery, the lumbosacral nerve roots 

can be seen to move with dorsiflexion of the foot 

whilst the lower limb is held in the straight leg raise 

position. Another example of this mechanical con

tinuum is the inward movement of the eyes with a 

bilateral straight leg raise. It is possible that the eye 

movement is induced by tension that passes along 

the spinal cord and brain to the optic nerves. 

During body movement, tension is applied to the 

nervous system at the site at which the force is first 

initiated. As the force increases, the ensuing tension 

takes a short time to be transmitted further along the 

system (Tani et al 1987). This slight delay is caused by 

the nervous system being viscoelastic and slightly 

wrinkled and loose whilst at rest (Zoch et al 1989, 

1991; Millesi et al 1995). Forces pass along the system 

as the slack in the system is taken up. 

For a movement of one motion segment, gentle 

forces are transmitted only a short distance along the 

nervous system and will be dissipated easily. As the 

applied force increases in magnitude, its effects 

spread further along the nervous system from the site 

of force application (Tani et al 1987). This has impor

tant implications for the clinician because force and 

range of joint movement are significant variables in 

neurodynamic testing. When the nervous system is 

in a relaxed state, gentle forces will produce mainly 

local effects. However, in the tensioned state, even 

The question of whether structural differentiation 

selectively moves the neural structures arises when it 

is possible that fascia and tendons pass long distances 

in a similar fashion to nerves. The complete validity 

small forces can be used to move neural tissue that is 

located far remote from the site of force application. 

If the elbow and shoulder joints are positioned so as 

to offer relaxation of the median nerve, wrist move

ments will not greatly influence the brachial plexus. 

Conversely, if the shoulder is positioned in abduction 

and the elbow in extension, forces will be transmitted 

to the plexus with only small movements of the 

wrist. 

Structural differentiation 

Through its continuous nature, the nervous system 

provides the capacity for manual differentiation of 

symptoms as important aspects of diagnosis and treat

ment. In certain situations, nerves can be moved with 

good specificity, simply because of the continuous 

nature of the nervous system. A good example of this is 

the production of symptoms in the wrist and forearm 

with the median neurodynamic test 1 (Butler 1991). 

Contralateral lateral flexion of the neck produces 

proximal movement of the nerves in the forearm and 

wrist without producing longitudinal movement in 

adjacent fascia, muscles or tendons (McLellan & Swash 

1976; Shaddock & Wilkinson 2001). 



of structural differentiation is not yet proven. 

However, it appears that differentiation may be 

mechanically valid in some circumstances. Our 

research group has shown that the median nerve at 

the wrist can be moved in a highly specific manner. 

The nerve can be moved in specific directions rela

tive to its interfacing tissues, such as bone and tendon 

according to the neurodynamic sequence (Shacklock 

& Wilkinson 2001). 

Spread of mechanical changes 

Mechanical events at one site in the nervous system 

can produce a cascade of related events along the sys

tem. Passive neck flexion produces tension in the 

lumbosacral nerve roots, wrist extension can pro

duce tension in the brachial plexus and dorsiflexion 

of the ankle moves the sciatic nerve. The mechanism 

by which mechanical forces spread along the nervous 

system paves the way for pathomechanical changes at 

one location in the nerve tract to produce secondary 

pathological effects in other parts of the system. 

Tethering of the spinal cord so that it can not move 

effectively produces greater elongation of distant 

spinal cord and dural tissue than normally (Adams & 

Logue 1971; Yamada et al 1981). This is important 

because patients frequently report that pain in one 

area has developed only since the development of a 

prior mechanical problem in another area. A classical 

example of this is acute low back pain resulting in a 

subsequent stiff neck, especially when the slump test 

is abnormal. Another is the adolescent who gradually 

develops low back pain which is later accompanied 

by hamstring tightness with bending over, and 

this later spreads up the system to produce neck pain 

and headaches. These people frequently have a tight 

nervous system in which the problems can spread 

along the tract. Neurodynamic solutions exist for 

these patients. 

NERVOUS SYSTEM RESPONSES 
TO MOVEMENT 

Dynamics between neural tension 
and neural movement 

Biomechanics 
The following is a brief analysis of the timing of ten

sion and movement of the nervous system during 

body movement. As forces are applied to the relaxed 

nervous system with a particular joint movement, the 

nerves at the site of force application move first then, 

as tension passes along the system, the more remote 

contiguous nerves commence movement. Hence, a 

delay exists between movement of the nerves at loca

tions remote from the site of force application. In this 

early part of joint movement, the primary event in the 

nervous system is the taking up of slack. 

In the mid-range, the slack is absorbed and the 

rate of neural sliding increases. Then, later in the 

joint movement, the slack and capacity of the nerves 

to slide have been consumed, causing the tension in 

the nerves to rise. These points are useful clinically 

because the therapist can visualize what occurs dur

ing neurodynamic techniques and make use of sub

tle variations in technique. 

In summary, events occur in the following order 

during a joint movement; taking up slack early in the 

range, rapid neural sliding in the mid-range; then 

finally tension builds in the nervous system as nerve 

movement diminishes at the end range. These points 

are illustrated in Charnley's (1951) and Smith's 

(1956) classic studies on the movements and tension 

changes in the lumbosacral nerve roots during the 

straight leg raise. From 0°-35°, the slack in the sciatic 

nerve is taken up and little movement on the neural 

structures takes place. Movement in the nerve roots 

is most rapid between 35° and 70° and ceases 

between 70°-90°. Because the movement capacity is 

now consumed, a rapid increase in tension occurs 

from approximately 60° onward. These events will 

naturally vary between individuals and region in the 

body. However, the principles of load transmission in 

relation to neural movement are fundamental and it 

is important to appreciate them in the application of 

neurodynamic tests. 

Application to treatment techniques 
The above illustrates some key points for the applica

tion of different techniques. A slider technique will 

need to be a large amplitude movement through the 

mid-range. A tensioner will need to be performed 

more toward the end range of joint movement. 

Combinations of techniques can be performed in 

which large amplitude movements can be performed 

in the same mobilization as an end range aspect to 

the technique. This would produce sliding and ten

sion in the nerve. Alternatively, if the intention is to 



do something minimal to a nerve, a technique that 

simply takes up the slack can be used. 

Force application and viscoelasticity 

The nervous system is a viscoelastic organ. This fea

ture provides great opportunities for the therapist 

because it may be possible to influence the intrinsic 

mechanical function of nerves through movement. 

Most of the safe viscoelastic effects that occur dur

ing the application of forces to neural structures are 

likely to occur within a few seconds of force applica

tion (Tani et al 1987; Millesi et al 1995). Clearly this has 

important implications. Most of the mechanical bene

fits of mobilization will occur in this time and to hold 

a neurodynamic technique longer may place the neural 

structure at risk because of a possible build-up of 

intraneural ischaemia with time. It appears that, gener

ally, because of the risks associated with stretching, 

neural movement is better than stretch because it is 

safer and is likely to be at least as effective. Movement 

techniques and exercises will also be tolerated better by 

patients than potentially uncomfortable stretching. 

LINKS BETWEEN MECHANICS 
AND PHYSIOLOGY 

Intraneural blood flow 

Regulation of intraneural blood 
flow - a balancing act 
Blood flow in nerves is regulated by a fascinating 

system that intertwines the efferent and afferent 

systems with amazing interplay and subtlety. The 

reason for including this in clinical neurodynamics is 

that changes in intraneural blood flow, particularly 

through the inflammatory process, are a way in which 

nerves may cause pain without producing changes 

in conduction velocity. Furthermore, inflammation 

of nerves can be a way for daily movements and 

new way to move may reduce irritation of a neural 

structure, providing relief of pain and disability. 

Not only do mechanical events influence physio

logical functions, but these interactions also occur the 

other way around. Diabetes, a problem that causes 

pathophysiology in nerves, results in increased suscep

tibility of nerves to compression (Dellon et al 1988, 

reviewed in Mackinnon & Dellon 1988; Mackinnon 

1992). Hence, it is important that the clinician take 

into account the physiology of nerves as part of mak

ing decisions on clinical neurodynamics (Fig. 1.10). 

PHYSIOLOGICAL EVENTS 

The proposal that mechanics and physiology of the 

nervous system are interdependent forms the basis for 

the concept of neurodynamics (Shaddock 1995a). 

Acceptance of this idea enables the clinician to take into 

account, not just the effects of mechanical changes on 

neurological function, but also pain mechanisms. In 

doing so, the clinician then has access to the central 

nervous system and biopsychosocial aspects of pain 

and disability which, although not covered in this book, 

are essential in the management of the person in pain. 

Examples of the links between mechanics and 

physiology of the nervous system are pressure and ten

sion in neural structures producing ischaemia and 

reducing axonal transport (Lundborg & Dahlin 1996). 

Improving physiology through treatment of mechan

ical function is also an integral part of the concept of 

neurodynamics and can be highly effective in both 

diagnosis (Coveney et al 1997; Selvaratnam et al 1997) 

and treatment (Shaddock 1995b; Sweeney & Harms 

1996; Rozmaryn et al 1998). Releasing pressure or 

tension in a nerve could improve its physiology and 

clinical correlates. Furthermore, offering the patient a 



mechanical tests to become abnormally painful. 

Intraneural blood flow is regulated by a mechanism 

that constantly balances vasoconstriction, vasodila

tion and secretion. 

Vasodilation and constriction 
In an extraordinary twist, the blood flow of periph

eral nerves is actually regulated by nerves (nervi 

vasa nervorum) (Bove & Light 1995b, 1997a, 1997b). 

Nociceptors and sympathetic fibres are the relevant 

types of nerve fibre because they are what do the 

controlling. When stimulated, in addition to poten

tially producing pain (Zochodne 1993), the nocicep

tors (C fibres) in the connective tissues of the nerve 

exert a vasodilator effect on the local blood vessels. 

They achieve this by releasing substance P and calci

tonin gene-related peptide from their terminals onto 

the walls of the blood vessels in the nerve (Zochodne 

& Ho 1991a; Zochodne et al 1995; Zochodne et al 

1997; Schaafsma et al 1997). The release of these 

vasoactive and pro-inflammatory substances from 

the nerve's nociceptors is tonic and subject to change, 

depending on whether they are stimulated or sedate. 

Stimulation of the nerve's nociceptors triggers 

increases intraneural blood flow at the site of stimu

lation (Zochodne & Ho 1991b). This is particularly 

important because repetitive mechanical stimulation 

is likely to increase intraneural blood flow and, if 

excessive, create an inflammatory or oedematous 

response in the nerve (Fig. 1.11). 

At the same time that the nerve's nociceptors pro

duce vasodilation in the nerve, the sympathetic nerve 

terminals that enter the nerve with blood vessels 

exert a counterbalance with vasoconstriction and 

reduced intraneural blood flow (Zochodne & Low 

1990; Zochodne et al 1990). This function is similar 

to what occurs in musculoskeletal tissues. 

Maintenance of blood flow during 
movement 
The flow of blood through the nervous system is 

highly relevant to the treating practitioner because of 



the effects of mechanical stresses on blood flow and 

their potential for danger when performing neural 

mobilization. Nerves need a continuous supply of 

blood because they are particularly sensitive to 

oxygen deprivation and fail quickly in such circum

stances. During normal movement, nerve blood flow 

is preserved through an intricate system of vessels that 

distort with the nerve. At rest, the vessels are coiled so 

that, when the nerve is elongated, the blood vessels 

become uncoiled rather than stretched (illustrated in 

detail in Sunderland 1978, 1991; Lundborg 1988). 

This natural flexibility in the vessels provides for 

some distortion of the nerve to occur without com

promising blood flow. However, even though these 

protective features support ongoing blood flow, limits 

exist, whereby nerves can fail in the presence of exces

sive forces, particularly compression and tension. 

Effects of tension 
Tension in nerves produces a reduction in intraneural 

blood flow. At 8% elongation, the flow of venous 

blood from nerves starts to diminish and at 15%, all 

circulation in and out of the nerve is obstructed 

(Lundborg & Rydevik 1973; Ogata 8c Naito 1986). 

The blockage is caused by stretching and strangula

tion of the intraneural vessels (Denny-Brown 8c 

Doherty 1945) and is of primary interest to the ther

apist for safety reasons. Tension also reduces blood 

flow in the spinal cord (Fujita et al 1988) and is an 

important safety consideration in spinal neurody

namic testing, for instance, with the slump, passive 

neck flexion and straight leg raise tests. 

Time is also an important factor in intraneural ten

sion. If nerves are held at only 6% strain for one hour, 

nerve conduction reduces by 70%. If the duration of 

the stretch is increased, greater ischaemia and a longer 

recovery time will eventuate. Clearly, the longer the 

nervous system is held in an elongated position, the 

greater is the likelihood of producing adverse effects. 

One of my patients told me that, whilst at work, he fell 

between two large rollers which forced him into the 

full slump position. He was a printer by trade and, due 

to a large amount of noise at the factory, his screams 

for help were not heard for approximately 15 minutes. 

Cauda equina symptoms developed and remained for 

many months afterwards. 

Effects of compression 
As discussed earlier, the mechanisms to maintain con

tinuous blood flow in the nerves during mechanical 

stress have their limits. The failure threshold for 

compression is approximately 30-50 mmHg. In cases 

where pressure exceeds this value, hypoxia and impair

ment of nerve blood flow, conduction and axonal 

transport occur (Gelberman et al 1983; Ogata 8c Naito 

1986; reviewed in Lundborg 8c Dahlin 1996; Rempel 

et al 1999). Failure of this kind also occurs in nerve 

roots (Olmarkeretal 1991; Cornefjordetal 1996,1997; 

reviewed in Rydevik 1993). Compression of nerves is a 

normal part of human movement. Therefore, it is clear 

that normal movement does not usually produce suffi

cient compression to impair physiological functions. 

However, in a nerve with prior compromise, changes in 

pressure of a magnitude smaller than that in normal 

nerves could be sufficient to produce neuropathic 

symptoms with normal neurodynamic forces. 

Tension and compression have 
cumulative effects 
As mentioned above, both tension and compression 

of nerves influence intraneural blood flow. Tension 

and compression on neural tissues can also have 

cumulative effects, such that compressed neural 

structures are more likely to fail in the presence of 

mild tightness (Fujita et al 1988). Hence, in the 

patient, compression and tension may interact to 

produce symptoms and it will be important to take 

into account both components. 

Relevance of intraneural blood flow 
to neurodynamic techniques 
As far as the application of manual techniques is 

concerned, the therapist must take into account the 

fact that intraneural blood flow will fluctuate with 

many of the movements performed on the patient. 

In patients with a nerve problem (e.g. the nerve may 

be swollen, compressed, inflamed or scarred), the fail

ure threshold to mechanical stress could be lower 

than normal, so extra care must be taken. This point 

relates to the idea that decisions on the extent of man

ual techniques to be applied can be based on neuro

dynamics and be made systematic. For instance, in 

the case of an ischaemic and mechanically hypersen

sitive nerve, it will be necessary to limit the extent of 

manual techniques so as not to provoke the problem. 

Conversely, a nerve that is not ischaemic will safely 

tolerate, and may need, a less restricted approach. 

The above reinforces the concept of neurody

namics (Shacklock 1995a), where physiology must 



be included in management of mechanical problems 

in the nervous system. 

Pain and stretch from the 
nervous system 

Peripheral nervous system 
Sensory nerves exist in the connective tissues of 

peripheral nerves (Hromada 1963) and, in terms of 

sensation, it appears that they provide nociception 

and proprioception. 

C-type nerve fibres exist in the epineurium of 

peripheral nerves and evidence for their role as noci

ceptors comes in several forms. The first line of evi

dence is through their chemical structure in which 

they house substance P and calcitonin gene-related 

peptide (Zochodne & Ho 1993; Bove & Light 1995a), 

which is a characteristic feature of C nociceptors. The 

second piece of evidence is that a hallmark of C noc

iceptors is that they are activated by the application 

of capsaicin, the active ingredient in chilli peppers. 

When stimulated by capsaicin, C fibres in epineurium 

indicate their presence and nociceptive functions by 

secretion of substance P and CGRP (calcitonin gene-

related peptide), producing vasodilation and inflam

mation in the nerve (Zochodne & Ho 1993) through 

the nervi vasa nervorum. The third line of evidence 

for nociceptors being present in the connective tissue 

of nerves comes from neurophysiological studies. 

Strong stretch of the connective tissues around the 

nerve roots activates sensory fibres in the related 

dorsal root (Bove & Light 1995a). Hence, nociception 

and stretch through application of forces may arise 

directly from the nervous system. 

It is logical that stretch receptors with high thresh

olds should exist in the nervous system because this 

would provide an ideal means of protecting the ner

vous system against excessive mechanical stress. 

Central nervous system 

Many of the nerve fibres located in the dura (cerebral 

and spinal) also show the features of nociceptors. They 

contain and release substance P, produce inflamma

tion when stimulated and are sensitive to capsaicin 

(Fricke et al 2001; Moskowitz et al 1983, 1989; Peitl 

et al 1999; Yamada et al 2001). The sensory innervation 

for the spinal dura spreads and overlaps several levels 

cephalad and caudad (Groen et al 1988) and even 

passes through the sympathetic trunk in a distinctly 

non-segmental fashion (Konnai et al 2000). This 

explains the clinical observation that dural pain is not 

segmental because it does not follow expected der

matomes, myotomes and scleratomes (Cyriax 1978). 

Although, technically, dural pain is neurogenic, 

it may also be classified as nociceptive because this 

kind of pain is activated through nociceptors that are 

located in connective tissues. In terms of pain pre

sentation, dural pain will have features similar to 

nociceptive pain. Dural pain will be provoked by 

movements that mechanically stress the dura and 

may also show an inflammatory pattern. 

Clearly, many similarities between nociceptive 

innervation of the central and peripheral nervous 

systems exist. The above may help explain pain and 

stretch sensations from manoeuvres that stretch or 

compress the nervous system, also the development 

of abnormal pain with neurodynamic tests. 

NERVOUS SYSTEM PHYSIOLOGY 
AND THE INNERVATED TISSUES 

Inflammation and the peripheral 
nervous system 

Overview - neurogenic inflammation 
Neurogenic inflammation is inflammation in the 

tissues produced by efferent actions of the periph

eral nervous system. The mechanism is located in 

the C fibres of the peripheral nerve, dorsal root gan

glion and nerve root. 

The nervous system exerts powerful influences on 

inflammatory mechanisms in the musculoskeletal tis

sues (Chahl & Ladd 1976). In the dorsal root ganglion, 

the cell bodies of C fibres in peripheral nerves and dor

sal nerve roots produce calcitonin gene-related pep

tide and substance P. When stimulated at the nerve 

root, peripheral nerve or nociceptor, the C fibres 

release these chemicals into their innervated muscu

loskeletal tissues. This results in vasodilation and can 

lead to inflammation (Bayliss 1901; Lembeck & Holzer 

1979; Renins 1981; Levine et al 1984; Ferrell & Russell 

1986; Pinter & Szolcsanyi 1988; O'Halloran & Bloom 

1991; Levine et al 1993). Changes in blood flow and 

inflammation are the result of activity in the nocicep

tors and their axons in which impulses pass 

antidromically toward the periphery, in addition to the 

usual passing of impulses orthodromically to the cen

tral nervous system for sensory processing (Fig. 1.12). 



Implications for the clinician 
In some cases, it is important to pay close attention to 

physiology in the innervated tissue as a means 

of understanding the function of the nervous system. 

We must also be prepared to accept that there are 

instances where the musculoskeletal system expresses 

neural events through changes in physiology in its tis

sues. It can be necessary to assess and treat the innerv

ated tissues as part of managing neural disorders. 

Assessment of the inflammatory response 
Testing of the inflammatory response can be per

formed by the clinician in the form of stimulating 

the nociceptors mechanically in the skin over the 

musculoskeletal structure in question (Lynn & 

Cotsell 1992). A change in the amount of reactive 

vasodilation in the skin compared with the contralat

eral side can suggest a particular type of neuropathic 

problem. Reduced vasodilation may correlate with a 

denervation problem whereas increased redness may 

correlate with a hypersensitive neural tract. Variations 

in neurogenic inflammation can occur in the pres

ence of neuropathy (Parkhouse & Le Quesne 1988; 

Goadsby & Burke 1994). 

Another implication in relation to testing the inner

vated tissues relates to the nerve root problem that 

produces pain in the related innervated area (e.g. skin, 

muscle and fascia). Patients, in whom the proximal 

symptoms have improved, can continue to experience 

pain and swelling in the distal innervated tissues due to 

pathophysiology in the related nerve root. In these 

cases, palpation of the innervated tissues is often 

painful and can show trigger point-like tenderness. 

Consequently, direct local treatment of the hypersensi

tive tissues may form part of the management of the 

nerve root problem, an aspect that is often overlooked. 

NEURODYNAMIC SEQUENCING 

How the concept began 

The first time I thought of neurodynamic sequencing 

was in observation of responses to neurodynamic test

ing in asymptomatic subjects. I noticed that, for the 

same test, different sequences of movements produced 

symptoms in different locations. The resistance pat

terns and ranges of motion at specific joints evoked by 

neurodynamic testing consistently depended on the 

sequence used. Theoretically, if the same test had been 

performed, the responses should also be the same, 

unless each sequence produced its own specific effects. 

Following this, I analysed the responses of the straight 

leg raise test in a normal population between three 

different studies in which the test was performed in 

different sequences. The selection of subjects and the 

method of controlling and performing the relevant 

movements were the same between the studies 

(Slater 1988; Mauhart 1989). I found that neurogenic 

symptoms occurred more frequently in the site at 



which the first movement was performed and per

formed most strongly (Shacklock 1989). Since then, 

the subject of neurodynamic sequencing has devel

oped considerably, such that it is now a regular variant 

in neurodynamic testing. 

Overview 

Neurodynamic sequencing relies on the principle 

that the nervous system does not behave uniformly. 

Instead, areas of high and low tension, movement and 

pressure exist and these depend on local variations in 

anatomy, biomechanics and the particular manoeu

vres under consideration. The sequence of movements 

influences the localization of particular mechanical 

stresses in the nervous system and the directions and 

order in which the nerves move. Of particular value in 

this connection is the fact that the clinician can use 

different movement sequences in diagnosis and treat

ment. More or less strain can be applied to a particular 

neural structure, depending on the technique. Also, 

techniques that reduce neural tension or pressure, or 

produce a sliding action in a nerve can be applied 

(see Shacklock & Wilkinson 2001). Neurodynamic 

sequencing opens up many new avenues in diagnosis 

and treatment, above and beyond standard testing. 

Many possible sequences exist in which the inter

face or innervated tissue can be emphasized. It is 

important that the therapist is proficient in the 

selection and performance of the key sequences for 

each part of the body. 

Key facts about neurodynamic 
sequencing 

1. The sequence of movements affects the distribu

tion of symptoms in response to neurodynamic 

testing (Shacklock 1989; Zorn et al 1995). 

2. There is a greater likelihood of producing a 

response that is localized to the region that is 

moved first or more strongly (Shacklock 1989; 

Zorn etal 1995). 

3. Greater strain in the nerves occurs at the site that is 

moved first. Tsai (1995) performed a cadaver study 

in which strain in the ulnar nerve at the elbow was 

measured when the ulnar neurodynamic test was 

performed in three different sequences; proximal-

to-distal, distal-to-proximal and an elbow-first 

sequence. The elbow-first sequence consistently 

produced 2 0 % greater strain in the ulnar nerve at 

the elbow than the other two sequences (Fig. 1.13). 

4. The direction of neural sliding is influenced by 

the order in which the component body move

ments are performed (Lew et al 1994). 

5. The principles of neurodynamic sequencing are 

universal. 

These points provide part of the basis for a system

atic analysis of the key variables in neurodynamic 

sequencing and can be applied clinically in making 

clinical neurodynamics safer and more effective. 

Tests can be performed with the following variables 

in mind. 

Force 

General force application 
General force application is simply how hard the ther

apist pushes or pulls in the performance of a neuro

dynamic test. The use of too much force provokes 

symptoms unnecessarily and has caused therapists to 



avoid neurodynamics. It is preferable for only mini

mal force to be used in order to gain the necessary 

information and treat effectively. Instead of magni

tude of force being a key part of neurodynamic test

ing, the emphasis is on specificity of technique and 

clinical decision making. 

Localization of force 
The localization of forces with each component 

movement is important in the performance of 

neurodynamic tests, for two reasons. First, usually, 

the pressure applied to the contact points during a 

standard neurodynamic test should be reasonably 

even. This ensures that the neural effects are as uni

form as possible and prevents inadvertent biasing of 

stresses to one particular site. Second, forces applied 

to specific contact points during testing can be var

ied according to the patient's diagnostic and treat

ment needs. For instance, if the intention is to 

involve the ulnar nerve at the elbow, emphasis can 

be placed on the nerve at this location by applying 

more force to elbow flexion than to the other com

ponents of the ulnar neurodynamic test. 

Resistance to movement 

Resistance to movement differs from force. Both 

being important in neurodynamic testing, force 

relates to what the therapist does whereas the per

ception of resistance is what the therapist feels. 

Frequently, the resistance experienced by the ther

apist is provided by muscle contraction (Hall et al 

1995, 1998; Coppieters et al 1999). However, what 

causes the contraction is open to speculation. It could 

be that contraction of the muscles that protect the 

relevant neural structure is a response to mechanical 

stimulation of the related neural structure. Howe 

et al (1977) certainly provided support for this by 

showing that impulses in the nerve root and dorsal 

root ganglion are activated by the straight leg raise as 

the nerve root is stretched and comes into contact 

with the mechanical interface (vertebral pedicle). 

Also, in cases of peripheral neuropathy, axons in the 

median nerve are stimulated during movements 

that apply tension to the nerve (Nordin et al 1984). 

In some cases, it is possible that the nerves them

selves provide part of the resistance to movement. 

Resistance to movement is important for several 

reasons. It may indicate a protective process that 

must be respected, although not always avoided. 

Resistance is useful in mechanical diagnosis whereby 

the therapist can decide to avoid resistance or treat 

into it, depending on the needs of the patient. 

Generally, therapists are not sufficiently aware of the 

behaviour of resistance during neurodynamic tests 

and it is useful to analyse this variable as a routine 

aspect of learning their application. Movement dia

grams are particularly useful for this purpose. 

Extent of movement 

Whether a neurodynamic test is taken a small or 

large distance into a movement is a key issue. In my 

experience, the most common cause of provocation 

of symptoms with testing is that the therapist has 

taken the nervous system too far into a provoking 

movement. Some patients will benefit from an 

extensive test. However, in others, it will be necessary 

to limit the test to only performing a couple of key 

components. In some patients, mere performance of 

a neurodynamic test will be contraindicated. The basis 

for planning the extent of examination and treat

ment, which are a key part of my approach to clini

cal neurodynamics, are presented in Chapter 6. 

Duration of testing 

Duration of movement is an important aspect in the 

application of neurodynamic testing because of the 

potential for harm with sustained holding. Even 

though the effects of movement and tension have not 

been comprehensively researched, it is known that 

the longer a manoeuvre that increases intraneural 

tension or compression is held, the greater is the 

chance of producing neural ischaemia and changes in 

conduction. The time between elongation to a value 

such as 12% and the onset of conduction changes 

is as short as several seconds (Wall et al 1992) and 

the changes are substantial within one minute in 

patients with neuropathy (Read 1991). Hence, it is 

not usually advisable to sustain a neurodynamic test 

for more than a few seconds. However, in exceptional 

circumstances, the sustaining of a test may be indi

cated. Sometimes, patients' muscles protect the 

nerves so effectively that it may be appropriate to 

sustain a test so as to increase muscle length in order 

to make a neurodynamic test more effective. In addi

tion, some patients do not experience symptoms 



without sustaining a test position. In this situation, a 

sustained test might also be warranted. Specific evalu

ation in terms of risk analysis should be performed 

before application of such a technique and is covered 

in Chapter 6. 

Speed of movement 

Speed of neurodynamic testing is another variable 

that will have distinct effects on the nervous system. 

Nerves need time to adapt to forces and, in the sen

sitized state, such needs will be more acute. In this 

case, a slow technique is less likely to provoke symp

toms. Generally, slow techniques are safer than fast 

ones because the nerves will have the opportunity to 

adapt to the applied forces and patients will have 

more time to protect themselves with muscle con

traction. Also slow movements are less likely to pro

duce impulses from damaged nerve fibres than fast 

movements (Howe et al 1977). In the stable and 

non-irritable state, in which the neural problem is 

difficult to detect, the nerves might need sensitizing 

with speed of testing. However, this is rarely advised, 

and should only be performed by the experienced 

practitioner and only in appropriate circumstances. 

The value of sliders - movement 
without tension 
The value of neural sliders is that they produce signif

icant movement in nerves without generating much 

tension or compression. Consequently, sliders are gen

erally more useful in the reduction of pain and 

improving excursion of the nerves. To perform a 

slider, longitudinal force is applied at one end of the 

nerve tract whilst tension is released at the other. In an 

attempt to reduce tension, the nerves slide toward the 

point where tension is applied, or 'down the tension 

gradient'. For instance, a slider for the brachial plexus 

would, in the median neurodynamic test position, 

incorporate ipsilateral lateral flexion of the cervical 

spine and elbow extension (distal slider). A proximal 

slider would make use of contralateral lateral flexion 

with elbow flexion. Sliders are presented in more detail 

in the chapters on treatment of specific syndromes. 

Neurodynamic tensioners 

Neurodynamic sliders 

In some locations, the tissues adjacent to nerves 

are numerous and the dynamics of these tissues in 

relation to the nerves vary greatly. Hence, it can be 

important to distinguish which particular tissues the 

neural structure must slide relative to. For instance, 

tendons move differently from bones. In the median 

nerve at the wrist, the best slider for a nerve on the 

adjacent tendons is different from a slider for nerve 

against the transverse carpal ligament and the neuro

dynamic sequencing for each technique is also differ

ent (Shacklock & Wilkinson 2001). 

Uses 
Tensioners are used to activate viscoelastic, movement-

related and physiological functions in the nervous 

system. Tension is applied to the neural tissues by 

increasing the distance between each end of the nerve 

tract, that is, elongating the telescope in which the 

nerves are contained and attached at each end. 

A key feature of the tensioner is that, in addition 

to the joints being moved, the innervated tissue is 

used to apply tension to the nerve. Extension of the 



fingers with the median neurodynamic test 1, com

bined with the rest of the test and contralateral lat

eral flexion of the neck, is an example of a tensioner. 

Another example is the slump test in which neck 

flexion, knee extension and dorsiflexion apply ten

sion from both ends of the neural tract. Tensioners 

are also presented in more detail in the chapters on 

treatment of specific syndromes. 

Testing for different components -
interface, neural and innervated 
tissue 

General 
It is possible, and sometimes advisable, to perform 

neurodynamic tests for each of the different comp

onents of a clinical problem. Tests can be biased 

toward the interface, neural structures or the innerv

ated tissue in any combination. This raises the pos

sibility that, although standard tests (Butler 1991, 

2000) are generally useful, they will only be effective 

in certain situations and frequently need extensive 

modification. 

Mechanical interface 
In directing neurodynamic tests toward the dynamic 

interactions between the musculoskeletal system and 

nervous system, decisions on which movements to 

perform will be derived from the mechanics of the 

interface in relation to the function of the adjacent 

nerve and needs of the patient. The principle of 

directing techniques toward the interface is univer

sal, being applicable to all areas of the body. For 

example, closing manoeuvres are performed to tem

porarily apply pressure to the nervous system at a 

specific site. This is to assess how the nervous system 

tolerates the closing. Also, a closing movement can be 

used to test whether this movement is involved in the 

production of symptoms. Being a component of 

mechanical diagnosis, closing manoeuvres are useful 

in determining the kind of interface problem. They 

test the capacity of the interface to execute its normal 

closing and opening functions and how the nervous 

system responds to these events. 

An example of the above is testing the interface 

for a brachial plexus problem at the thoracic outlet. 

Contraction of the pectoralis minor muscle can be 

performed during the median neurodynamic test 1 

in which the effect of pressing of the muscle on the 

brachial plexus is assessed whilst it is under tension. 

A standard neurodynamic test in isolation might not 

be sufficient to detect an interface component to the 

neuropathodynamics. 

Neural 
In directing testing toward the neural structures, two 

types of manoeuvres are employed. Not necessarily 

in order of importance, the first is the slider, in which 

the ability of the nerves to perform and respond 

appropriately to normal gliding movements is 

assessed, and sometimes treated. The tensioner is the 

second, in which the ability of the nerves to respond 

appropriately to mechanical elongation can be a focus 

(tensioner). The key aspects are whether the neurody

namic movements reproduce the patient's symptoms 

or show other abnormalities such as reduced range of 

motion and altered muscle function. More detail on 

diagnosis with neurodynamic tests is presented in 

Chapters 4 and 5. 

Innervated tissue 
Testing of the innervated tissue can be an important 

aspect of neurodynamic testing and comes in two 

forms, mechanical and physiological. 

In the first instance, mechanical testing of a ten

don or muscles that relate to the neural structure 

can be performed independently of, or in conjunc

tion with, testing of the neural structure. For example, 

if the calf muscle is painful, it can be tested by con

traction or stretch whilst no stresses are placed on 

the nervous system, that is, the lower limb is in the 

anatomical position. In the case of combined testing 

of the nervous system and innervated tissues, 

contraction or stretch of the calf muscles would be 



performed whilst the limb is placed in a position 

that applies force to the neural system. The calf mus

cles would then be tested in the straight leg raise or 

slump positions to detect any abnormalities in the 

interactions between the musculoskeletal and neural 

systems. Frequently, tests that combine neural and 

innervated tissue testing are more sensitive than 

testing each component in isolation and are more 

advanced than standard testing. 

In the second instance, physiological testing of 

the innervated tissues is discussed later and relates to 

analysis of the inflammatory response, motor con

trol and neurological examination. 

Serial neurodynamic sequences 

In order to test the nervous system in a serial fashion, 

it is at times useful to apply neurodynamic tests in a 

proximal-to-distal sequence or vice versa. With this 

technique, the nerves are loaded in a distal direction, 

starting at the spine and continuing outwards along 

the extremity. For the median neurodynamic test 1, 

the movements may therefore be performed in the 

following order: cervical contralateral lateral flexion, 

scapular depression, glenohumeral abduction and 

external rotation, elbow extension and supination, 

wrist extension, finalized with finger extension. 

For the straight leg raise, the movements could be 

performed in the following order: thoracolumbar 

contralateral lateral flexion, hip flexion, knee exten

sion, ankle dorsiflexion-eversion and toe dorsiflex-

ion. Naturally, the distal-to-proximal sequence would 

be performed in the reverse order. 

Cephalocaudad sequences can be performed for 

the spine, in which movements can be executed in 

the following order; upper cervical flexion, lower 

cervical flexion, thoracic flexion, lumbar flexion, hip 

flexion, knee extension, ankle dorsiflexion and toe 

dorsiflexion and in reverse. 

Importance of neurodynamic 
sequencing 

Accuracy in performance of 
neurodynamic tests 
From the above, it is clear that alterations in the 

performance of neurodynamic tests will produce 

changes in both the mechanical function of the 

nerves and the associated symptom responses. It is 

vitally important that the sequencing between test 

applications is highly consistent for accuracy reasons. 

Small changes in sequencing can produce large 

changes in the response and ranges of motion. Proof 

of this comes from the straight leg raise test in the 

following example. 

Practical exercise 
To test the above points, I recommend that the reader 

perform the straight leg raise test on a normal subject 

in two different ways. In the first application, merely 

rest the hand that controls the knee on the anterior 

aspect of the knee, immediately below the patella with 

almost no manual pressure over the joint. Perform the 

straight leg raise test to the first onset of symptoms and 

then to 5/10 in severity of symptoms, noting in detail 

the symptom response, resistance to movement and 

range of motion at each measured point in the range. 

The knee can flex a very small amount. Then repeat the 

test but, this time, apply firm pressure over the knee 

joint so that the joint can not move at all. The range of 

motion of straight leg raise will often be smaller and 

the symptoms will be more easily evoked than in the 

first application. This illustrates the following point: 

Personalizing the sequence for the 
patient's needs 
Protection of the nervous system during 
a technique - starting remotely 
The therapist who is reluctant to perform neurody

namic techniques for fear of provoking symptoms 

can now learn new sequences that are safer and more 

effective than before. A neurodynamic sequence can 

be used in which the mechanical stresses in the rele

vant nerves are minimal, so that there is little risk of 

provocation. The nerves that are remote from the site 

in question can be moved first. This way, the build 

up of forces at the problem site is gradual and easily 

controlled. Alternatively, the neurodynamic test can 

be planned so that a long lever is used to produce 

small movements in the nerve at a distant site. For 



instance, elbow flexion/extension for a median nerve 

problem at the wrist might be used instead of mov

ing the wrist joint, where small movements will pro

duce more intense local neural effects. This is a case 

of'starting remotely'. 

More localized testing - 'starting locally' 
A sequence in which the relevant nerves are moved 

first can be used to make testing and treatment more 

specific to the patient problem than a standard 

approach. The therapist can move the part in ques

tion early in testing. An example of this would be a 

minor tarsal tunnel syndrome or heel pain in which 

physical signs are difficult to detect and the symptoms 

are not easily reproduced. The dorsiflexion/eversion 

straight leg raise could be performed with the first 

movement at the foot, then the test would be com

pleted by performance of the straight leg raise. This 

is termed 'starting locally'. 

Use of the symptomatic movement 
or position 
Sometimes, a detailed analysis of the movements that 

provoke the patient's symptoms reveals the likeli

hood that a refined test is necessary. Hamstring pain 

serves our purposes here. In the soccer player, who 

experiences pain in the posterior thigh with kicking a 

ball, the provoking sequence of movements is early 

knee extension, followed by late hip flexion. The 

martial arts practitioner, who also uses a kicking 

motion, performs an early hip flexion movement, 

followed by late knee extension. The movements of 

hip and knee extension are performed in the oppos

ite order between the soccer player and martial 

artist, which may necessitate personalizing the exam

ination and treatment to each individual. The soccer 

player may need a standard straight leg raise because 

it emulates the sequence of kicking a ball. However, 

the martial artist may need a sequence that starts 

with hip flexion to approximately 70°, with some 

additional internal rotation of the hip, followed by 

knee extension later in the manoeuvre. 

NEURODYNAMIC TESTS 

Why the name 'neurodynamic tests'? 

Since neuromechanical tests evoke changes in neural 

functions of many domains, it is appropriate to discuss 

them in a way that encompasses all their relevant 

functions. Events that occur with such tests include 

nerve sliding, changes in cross-sectional area and 

shape, transverse position, axial rotation, viscoelastic -

ity, intraneural blood flow and mechanosensitivity, to 

name a few. Hence, the name used to describe the tests 

should include these aspects and embrace the notion 

that neurodynamic tests are multidimensional and 

dynamic in nature. To call them 'tension tests' would be 

to localize the way we consider them to only two 

parameters, 'tension' and 'stretch'. This would then 

encourage diagnosis and treatment to also be restricted 

to these aspects. Clearly, this would be too narrow a 

term. The same applies to the term 'neural provocation 

tests', because, frequently, the intention and actual 

effect is not to provoke symptoms. Therefore, in this 

book, the tests will be called neurodynamic tests 

(Shacklock 1995a; Butler 2000) (Fig. 1.14). 



Use of neurodynamic tests 

Neurodynamic tests are used to gain an impression 

of the mechanical performance and sensitivity of the 

neural structures and their related interfacing and 

innervated tissues. These inclusions are necessary 

because the nervous system must be considered in 

relation to the musculoskeletal and the central ner

vous systems (Butler 1998, 2000; Shacklock 1999a, 

1999b). 
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Specific neurodynamics 



THE SPINE 

The main reason for including this chapter is to 

provide an updated summary of the subject so that 

the reader can use this information to understand 

the mechanical effects of neurodynamic tests for 

clinical application. 

Flexion and extension 

Mechanical interface - spinal canal 
Length 
Flexion of the whole spine causes elongation of the 

spinal neural structures because they, and their canal, 

are located behind the axis of rotation of the spinal 

motion segments. This places them on the side that 

elongates and shortens with flexion and extension 

movements respectively. The spinal canal itself elong

ates by as much as nine centimetres during flexion of 

the whole spine (lumbar region - 5 cm) (Louis 1981). 

Since the neural structures are attached at their cau

dal end to the coccyx by the highly elastic filum ter-

minale and the rostral end by the dura to the skull, 

with flexion, the neural structures are pulled from 

both ends (Fig. 2.1). 

INTRODUCTION 



Space around the nervous system 
The space around the neural structures in the spine 

increases with flexion and decreases with extension 

(Penning & Wilmink 1981). In the cervical spine, the 

intervertebral foraminae open around the nerve roots 

by as much as 23% from extension to flexion (Yoo 

et al 1992). In the lumbar spine, these events also occur 

at both the central canal and intervertebral foramen 

(Schonstrom et al 1989). The canal opens by 16% and 

the area of the intervertebral foraminae increases by 

as much as 2 7 - 3 0 % from full extension to full flexion 

(Panjabi et al 1983; Inufusa et al 1996). Generally, 

flexion decreases compressive forces on the spinal 

neural structures and this is why symptoms of spinal 

and nerve root stenosis are frequently relieved by 

flexion (leaning forwards) and provoked by extension 

(standing and walking) (Fig. 2.2). 

Neural tissues 
Tension and strain 
A key event that occurs in the neural tissues of the 

spine with flexion is an increase in tension. It is not 

known exactly how much tension occurs in these tis

sues with this movement, but strain from extension 

to flexion in the lumbar dura can reach 30%, the 

sacral nerve roots 16%, and the spinal cord 10 -20% 

(Adams 8c Logue 1971; Louis 1981; Yuan et al 1998). 

As can be seen, the cord and its associated structures 

elongate considerably, such that even the blood ves

sels become uncoiled and elongated. Tension with 

spinal flexion passes along all the spinal neural tis

sues, to the point where the filum terminale is elong

ated as the spinal cord moves in a cephalad direction 

in the spinal canal (Louis 1981) (Fig. 2.3). 

Neck flexion transmits significant tension to the 

lumbosacral nerve roots (Breig 1978, p. 84), which 

makes this movement useful clinically in the estab

lishment of a neural aspect to low back pain (Fig. 2.4). 

Sliding and convergence 
The general mechanisms of sliding and convergence 

are described in the previous chapter. However, the 

sliding of neural structures in the spine is complex 

and not fully understood. Specific sequences of 

movements produce their own sliding patterns, 

some of which have been documented. Neck flexion 

produces cephalad sliding of the neural contents in 

the lumbar region (Breig & Marions 1963; Breig 

1978). However, the straight leg raise (SLR) produces 

caudad sliding of the nerve roots in the lumbosacral 

intervertebral foraminae (Goddard 8c Reid 1965; 

Breig 1978; Breig 8c Troup 1979) and cervical cord 

(Smith 1956). A problem is that the neural struc

tures slide relative to their bony interface differently 

according to the movement used and location in 

question. Paradoxically, above the low cervical 



region, flexion of the whole spine and neck flexion 

alone produce caudad movement of the brain and 

spinal cord tissue relative to neighbouring bone. 

Below the low cervical levels, the neural elements 

move cephalad toward C5 (Adams & Logue 1971; 

Louis 1981; Yuan et al 1998). The same phenomenon 

occurs at L4-S1 , where the nerves above this level 

move caudad and those below slide cephalad toward 

this level (Louis 1981). Movement of the spine 

around the neural structures, and a complex series of 

lending and borrowing of neural tissue, produce 

convergence toward C5-6 and L4-5 the most mobile 

of spinal segments (Smith 1956; Adams & Logue 

1971; Louis 1981). 

The above points are particularly important when 

it comes to understanding neurodynamic sequenc

ing for clinical application (Figs 2.5 and 2.6). 



Treatment 
Mechanical diagnosis leads the therapist toward a 

specific mechanical treatment. If a tension problem 

exists, a focus can be on improving the ability of the 

neural structures to respond to tension. Alternatively, 

the emphasis may be on preventing tension in the 

nerves so that they have a chance to settle. If a prob

lem is predominantly a closing interface problem, 

then a treatment technique to improve this mech

anism could be performed. Conversely, another choice 

of treatment for this problem might be to open the 

interface so that provocation of the neural structures 

is reduced. These points highlight the need for the 

clinician to link mechanical diagnosis to the causal 

mechanisms that produce specific clinical patterns. 

Lateral flexion and lateral glide 

Mechanical interface 
The key event with lateral flexion in relation to the 

mechanical interface is that the intervertebral foram

inae close down around the nerve roots on the ipsilat-

eral side and open up on the contralateral (Fujiwara 

et al 2001). Increased pressure on the nerve roots will 

therefore occur on the ipsilateral side and decreased 

pressure on the contralateral side will result. 

Clinical uses of f lex ion and extension 
movements 
Diagnosis 
The clinician can apply sagittal movements to arrive 

at a mechanical diagnosis with spinal problems. 

Spinal flexion increases tension in the neural struc

tures, but can reduce compression on them. Spinal 

extension adds compression to the neural elements 

but produces little tension in them. For instance, 

symptoms due to a nerve root problem that cannot 

tolerate tension will frequently be evoked by the 

slump test, which involves flexion. However, symp

toms due to stenosis in the spinal canal or interver

tebral foramen will typically be evoked by extension 

movements because of their closing effects on the 

neural structures. Hence, a mechanical diagnosis of 

a tension problem with flexion, or a closing interface 

problem with extension, can be arrived at with the 

use of sagittal movements, depending on which 

manoeuvre evokes or eases symptoms. 

Neural effects 
Lateral flexion produces increased tension in the 

neural structures on the convex side of the spine and 

reduces tension in those on the concave side (Breig 

1978; Louis 1981; Selvaratnam et al 1988). In this 

situation, increased tension in the nervous system 

occurs through two mechanisms. The first is that 

lateral flexion itself produces elongation of the 

interface and neural tissues on the convex side. 

The second mechanism is by causing an increase in 

the distance between the spine and periphery by the 

sideways translation of the vertebrae (lateral glide). 

This produces mechanical stresses that pass along 

the peripheral nervous system (Fig. 2.7). 

Lateral glide of the spine produces increased ten

sion in the contiguous contralateral nerves and nerve 

roots. Our observations on dynamic imaging of the 

brachial plexus and more distal peripheral nerves are 

that lateral gliding in a contralateral direction can be 

more effective in producing neural movement at a 

distal location than contralateral lateral flexion. 



The effects of contralateral lateral flexion and 

glide of the spine pass far into the periphery. In the 

upper limb, the median nerve moves proximally at 

the wrist as much as several millimetres (McLellan & 

Swash 1976; Shaddock & Wilkinson 2000 (unpub

lished sonographic recordings, School of Medical 

Radiation, University of South Australia)). Similar 

effects occur in the lower limb, where the sciatic 

nerve is moved proximally in the pelvis during con

tralateral flexion of the lumbar spine (Breig 1978). 

Clinical use of lateral f lex ion and 
lateral g l ide 
Lateral flexion and glide are particularly useful 

in three capacities; structural differentiation of 

distal symptoms, sensitization of neurodynamic 

tests and determination of whether a lateral flexion 

or lateral translation component exists in the clinical 

problem. 

Structural differentiation 
In the upper limb, contralateral lateral flexion is gener

ally more effective in differentiation of a neural com

ponent to distal symptoms than ipsilateral lateral 

flexion, probably because the evoked tension changes 

pass further along the nerve tract. The question of 

whether the lateral flexion movements produce isol

ated movement of the nerves in the upper limb is not 

completely answered. However, two studies show that 

this can at times be achieved (McLellan 8c Swash 

1976; Shacklock 8c Wilkinson 2000 (unpublished 

sonographic recordings, School of Medical Radiation, 

University of South Australia)). 

In the lower quarter, contralateral lateral flexion 

of the lumbar spine can also be used to differentiate 

a neural component to symptoms, particularly dur

ing the straight leg raise (Lew & Puentedura 1985) 

and slump tests. 

Sensitization 
In the sensitization of neurodynamic tests, con

tralateral lateral flexion is frequently essential, again 

because of its ability to increase tension in the nerves 

so far along the tract. Lateral flexion has been shown 

to increase the symptom response to neurodynamic 

tests in both the upper (Kenneally et al 1988; 

Selvaratnam et al 1994; Coveney et al 1997) and 

lower limb (Lew & Puentedura 1985). 

Mechanical diagnosis can be greatly enhanced 

with the use of lateral flexion. Elicitation of pain with 

ipsilateral lateral flexion can indicate a closing prob

lem in the mechanical interface. Production of pain 

with contralateral lateral flexion can imply the pres

ence of a tension aspect in which the neural struc

tures on the contralateral side are being stimulated. 

Hence, lateral flexion can be used to distinguish 

between different types of neuropathodynamics and 

can lead the therapist to specific treatment of the 

relevant component (discussed in more detail in 

Chapter 4) . 

Rotation 

Mechanical interface 
The primary event in the interface with spinal rotation 

is that the intervertebral foraminae on the ipsilateral 

side close down whereas, on the contralateral side, 

they open up (Fujiwara et al 2001). Hence, in assessing 

closing mechanisms, a small degree of ipsilateral rota

tion can be combined with flexion or extension move

ments to ascertain whether a rotational element exists 

in an interface component of nerve root problems. 

Neural effects 
The circumference of the spinal cord in the neck 

reduces with rotation (Breig 1960), as if it were being 

rung out like a wet towel. It is not clear whether this 

has any significance for neurodynamic testing but 

it is possible that, in some patients, rotation can be 

applied to neurodynamic testing if it meets the 



patient's needs. An example of this would be the 

patient in whom a neurogenic symptom is provoked 

with neck rotation and arm movements. The appro

priate upper limb neurodynamic test can be per

formed with neck rotation as a component of the 

test. In the lumbar spine, it is common for rotation in 

combination with the SLR to be an effective treat

ment technique for low back and posterior thigh 

pain, given the correct choice of patient. 

Effect of gravity 

Neurobiomechanics 
Breig (1978) showed that the neural contents of the 

spinal canal droop downwards with gravity. At first, 

this effect appears to be a trivial epiphenomenon. 

However, it is actually an important aspect of spinal 

neurodynamics. In an intelligent and incisive study, 

Miller (1986) tested the effects of gravity on the 

response to the SLR in normal subjects. Subjects 

were positioned on their side and the test on the 

downward limb was compared with that of the 

upper side. Even when lateral flexion was neutral

ized, the test for the downward limb was consistently 

tighter than the upper one. The reader will notice 

this in many people in whom straight leg raising of 

the downward side will usually be tighter, no matter 

which side the subject lies on. This is conclusive sup

port for gravity being a variable in lumbar neuro

dynamic testing. The mechanism here is that the 

neural contents are convex on the downward side 

and concave on the upper side, producing more 

tension in the lower SLR (Fig. 2.8). 

Clinical appl icat ion 
Gravity can be very useful in clinical neurodynamics. 

If the desire is to reduce the power of a technique to 

prevent provocation, the upper side can be tested or 

mobilized. If the desire is to sensitize the SLR test, then 

the lower limb on the downward side can be moved. 

As a useful addition to sensitization, it is also effective 

and convenient to perform lumbar contralateral lat

eral flexion with the other elements of the test. 

Contralateral neurodynamic tests 

Effect on symptom responses 
Contralateral movements of the nervous system can 

produce some fascinating occurrences, not the least 

of which is the reduction of symptoms during a test. 

Performance of the median neurodynamic test 1 

normally produces symptoms in the ventral elbow 

and forearm regions (Kenneally et al 1988). When 

the test is held stationary and the same test is per

formed on the contralateral upper limb, the symp

toms in the held limb often subside (Elvey 1979; 

Rubenach et al 1985). This is normal and the equiva

lent events are readily observed to occur with the 

slump and SLR tests. 

Neurob iomechanics 
The following is a proposed mechanism for the con

tralateral neurodynamic test to reduce the response 

in the held side. It resides in the relationships 

between the angles of the nerve roots and spinal 

cord movement. 

The cervical and lumbar nerve roots diverge from 

the spinal cord at an angle. This angle contains two 

component vectors, horizontal and vertical. The ver

tical vector is particularly relevant because it is what 

produces the spinal cord movements necessary to 

reduce tension in the contralateral nerve root. As the 

contralateral neurodynamic test is performed, forces 

enter the spinal cord through the contralateral nerve 



roots. The vertical component force passing along 

the contralateral nerve root causes the spinal cord 

to descend in the canal. The downward movement 

of the cord is most likely small but is sufficient to 

transmit a reduction of tension through the vertical 

component of the ipsilateral held nerve root. The 

mechanical models that I have made, and geometri

cal analysis, bear this theory out and it is supported 

by similar observations in cadavers by Louis (1981) 

(Fig. 2.9). 

Clinical app l ica t ion of contra lateral 
movements 
Contralateral movements can be used in mechanical 

diagnosis and treatment. The event of a contralat

eral technique producing a change in symptoms in a 

limb that is held in a neurodynamic position will, 

at times, constitute evidence of a neurodynamic 

mechanism to the symptoms. Treatment with con

tralateral techniques can be justified in some cir

cumstances, especially if the technique produces an 

improvement and can be integrated into the rest of 

patient management. 

Bilateral neurodynamic techniques 

Neurob iomechanics and symptom 
responses 
Parallels exist between contralateral and bilateral 

neurodynamic tests. The main point to highlight in 

this area is that bilateral techniques are particularly 

useful in producing cephalad and caudad movement 

of the spinal cord. An example of such effects is that 

the response to the unilateral median neurodynamic 



test 1 frequently reduces with the bilateral SLR 

(Elvey 1979; Bell 1987). This occurs because the 

spinal cord is pulled downward in the canal and the 

stresses through the nerve roots are evened out, 

rather than being concentrated focally in a particu

lar neural structure. In the context of the median 

neurodynamic test 1, the bilateral SLR produces a 

reduction in tension in the cervical nerve roots. The 

reasons for this occurring are similar to those with 

contralateral tests. 

Clinical application 
The SLR and slump tests are particularly suited to 

the application of bilateral techniques. In the lum

bar region, caudad movement can be produced in 

the cord by performing a bilateral SLR whilst the 

neck is extended. Cephalad movement can be 

applied by performing neck flexion and releasing the 

SLR. This is an example of a slider for the spinal 

neural structures. 

A challenge to non-organic 
contribution to low back pain 

A serious issue in relation to the sliding of neural 

structures in the lumbar spine is the fact that the 

movement and position of the lumbosacral nerve 

roots are different between the knee-extension-in-

sitting (KEIS) test, the slump test and the straight leg 

raise (SLR). This is because, if the sequence of move

ments or the starting position is different, then the 

test is different. The corollary is that, since symptoms 

can be specific to the sequence and position used, the 

evoked symptoms may also be different. 

The slump test is primarily a test of tension 

because the cephalocaudad effects of spinal flexion 

(including neck flexion) and SLR are in opposition. 

In the lumbar region, this produces little displace

ment of the neural structures from their anatomical 

position but more tension is generated than if forces 

are applied to the nerve roots from only one end. In 

the SLR, little pretensioning from a cephalad direc

tion occurs, which allows the nerve roots to displace 

in a caudad direction further than in the slump test. 

Hence, if a patient's SLR is more abnormal than the 

KEIS or slump tests, it means that the problem may 

be one of loss of, or increased sensitivity to, caudal 

sliding rather than one of tension. 

In the KEIS test (Waddell et al 1980), the spine in 

the lumbar and thoracic regions is flexed as the 

patient relaxes in the sitting position. The lum

bosacral nerve roots may be positioned higher in the 

canal than in the supine anatomical position. The 

KEIS manoeuvre may merely move the nerve roots 

in a caudad direction, returning them toward their 

anatomical position. This occurs without producing 

much tension in the nerves, because neck flexion 

is not performed, neither is dorsiflexion of the foot 

and ankle. Hence, the KEIS test is likely to be one of 

moving the nerve roots from an elevated position in 

the spine back toward their normal anatomical loca

tion and is a poor test of neuromechanical dysfunc

tion. It is usually only abnormal in situations of 

extreme compromise or severe sensitization and is 

generally an insensitive test compared with the 

slump or SLR. As such, it is likely to produce a pre

ponderance of false negatives and is often misinter

preted by clinicians. 

Discrepancy between the KEIS test, slump and 

SLR tests is quite natural and normal (Didben 1996) 

and is a serious challenge to the notion that such dis

crepancies are always an indication of non-organic 

physical signs in low back pain. Many clinicians have 

encountered patients who can only touch their toes 

or perform a SLR successfully when their spine is 

flexed. As soon as they straighten their spine, the 

SLR becomes restricted. 

Clearly, the mechanical effects of the KEIS test, 

SLR and slump tests are different and can not always 

be compared on mutual terms. Interpretation of any 

discrepancy between these tests as a sign of non

organic contribution to low back pain must be exe

cuted judiciously, with skill, and in relation to 

known central, psychosocial and peripheral pain 

mechanisms (see Waddell 1998; Shaddock 1999a, 

1999b, 2000) . 

For a review of biomechanics of the central 

nervous system, see Shaddock et al (1994). 

UPPER QUARTER 

Cervical spine 

Cervical lateral f lex ion 
Neurobiomechanics 
By way of increasing the distance between the shoul

der and neck, contralateral lateral flexion of the neck 



exerts proximal tensile forces on the brachial plexus 

(Elvey 1995; Selvaratnam et al 1988; Kleinrensink 

et al 2000) , which is accompanied by movement of 

the neural structures in the direction of the lateral 

flexion. The forces of this movement are transmitted 

as far distally as the radial and ulnar nerves at the 

elbow (Kleinrensink et al 2000) and median nerve at 

the wrist (McLellan & Swash 1976, Shaddock 8c 

Wilkinson 2000 (unpublished sonographic record

ings, School of Medical Radiation, University of 

South Australia)). 

Effect on symptoms 
Contralateral lateral flexion of the neck consistently 

increases symptoms evoked by the median 

(Kenneally et al 1988; Selvaratnam et al 1994, 1997) 

and radial (Yaxley 8c Jull 1991) neurodynamic tests. 

This movement is a prime one in structural 

differentiation and sensitization of neurodynamic 

tests of the upper limb, particularly when the evoked 

symptoms are located distally. 

Ipsilateral lateral flexion frequently reduces the 

symptoms evoked by all the upper limb neurody

namic tests. However, it is not as useful in structural 

differentiation as contralateral lateral flexion because 

tension in the peripheral nerves is sometimes not 

sufficient to be released further when ipsilateral 

lateral flexion is applied (Shaddock 8c Wilkinson 

2000 (unpublished sonographic recordings, School 

of Medical Radiation, University of South 

Australia)). This is particularly the case when the 

specific upper limb neurodynamic tests can not 

be taken to their end range. Hence, false negatives 

are more common with this movement than con

tralateral lateral flexion. However, ipsilateral lateral 

flexion is useful in the case of a sensitive neural 

problem in which structural differentiation is 

required. At the point of first onset of symptoms, 

rather than contralateral lateral flexion being per

formed, which would further provoke symptoms, 

ipsilateral lateral flexion can be used to reduce 

the symptoms. Hence, the main value of ipsilateral 

lateral flexion is its ability to change symptoms 

without provoking the problem and is particularly 

useful in differentiating sensitive neural disorders. 

Alternatively, release of contralateral lateral flexion 

is a useful modification of differentiation in sequen

cing at low level problems (described in more detail 

in Chapter 6) . 

Shou lder 

Scapular depression 
Neurobiomechanics 
Scapular depression increases tension in the periph

eral nerves of the upper limb by producing an 

increase in the distance between the neck and arm. 

The cervical nerve roots move distally with this 

movement (Frykholm 1951; Smith 1956; Reid 1960; 

Adams 8c Logue 1971). Taking neural sliding and 

convergence into account, the dynamics of scapular 

depression are complex and probably vary a great 

deal between individuals and between different loca

tions on the interfacing structures. Proximal sliding 

of the brachial plexus relative to the glenohumeral 

joint is likely to occur. From our sonographic record

ings on the movements of the median nerve in the 

forearm and wrist in vivo, scapular depression moves 

the nerve proximally. Depression is not as effective in 

achieving such excursion as contralateral lateral flex

ion, but a significant increase in excursion can be 

achieved when the two movements are combined 

(Shaddock 8c Wilkinson 2000 (unpublished sono

graphic recordings, School of Medical Radiation, 

University of South Australia)), however this varies 

between individuals. 

Effect on symptoms 
Scapular depression consistently produces an 

increase in symptoms with upper limb neurody

namic tests. As such, the movement can sometimes 

be used to effectively differentiate a neural compon

ent to many upper limb problems. 

Glenohumera l abduct ion 
The mechanical interface between the coracoid 

process and a point midway along the shaft of the 

humerus increases in length by approximately 2.4 cm 

with glenohumeral abduction (Elvey 1995). In terms 

of tension and strain in the neural tissues, abduction 

causes increased tension in the brachial plexus 

and the more distal peripheral nerves of the upper 

limb (Adams 8c Logue 1971; Wright et al 1996; 

Selvaratnam et al 1988; Kleinrensink et al 2000). 

From 0° to 90°, strain in the median nerve at the 

elbow increases by 4.2%. However, abduction from 

90° to 110° produces an even greater increase in strain 

(9.1%) (Wright et al 1996). In terms of movement, 

the C5 nerve root slides 4 mm in a distal direction in 



its intervertebral foramen (Elvey 1979). The median 

nerve at the level of the shoulder joint moves as much 

as 1.0cm (Elvey 1995). We have observed that the 

median nerve, at a site several centimetres proximal to 

the elbow, moves proximally by several millimetres. 

Clinically, it can be readily observed that the symp

toms in response to upper limb neurodynamic testing 

increase with abduction, illustrating a close relation

ship between the movement, resultant tension in the 

nerves and the production of symptoms (Elvey 1979). 

Glenohumeral abduction produces distal sliding of 

the nerves located proximal to the shoulder and prox

imal sliding of the nerves that are located distal to the 

shoulder, such that they converge toward the shoul

der. The median nerve at the wrist slides 8-9 mm 

proximally with abduction (Wright et al 1996). 

External rotat ion 
The effects of glenohumeral external rotation on the 

nerves are equivocal. Using strain gauges, Ginn (1988) 

found that the movement did not always produce an 

increase in tension in the nerve, whereas Selvaratnam 

et al (1988) showed an increase. Clinically, responses 

to external rotation during the median neurody

namic test 1 are also variable among individuals. 

Horizontal extension 
I am not aware of any studies that establish the exact 

effect of specific glenohumeral horizontal extension 

on nerve tension. Elvey (1979) mentioned that this 

movement was related to increased tension in the 

nervous system. Clinically, the movement increases 

symptoms with neurodynamic testing, possibly 

because the nerves pass anterior to the shoulder joint. 

However, some clinicians do not perform horizontal 

extension in routine testing (Butler 1991, 2000). This 

is because, even though it may increase neural ten

sion, it can be a source of inconsistency and is not 

essential in producing sufficient strain to evoke 

symptoms in normal subjects. Nevertheless, it may be 

used to sensitize upper limb neurodynamic tests. 

Internal rotat ion 
Internal rotation of the glenohumeral joint increases 

tension in the radial nerve (Kleinrensink et al 2000) 

because the nerve passes posterior to the shoulder 

joint and spirals posterolaterally around the shaft of 

the humerus. Clinically, it is common for internal 

rotation to increase the response to the radial neuro

dynamic test. 

Elbow 

Extension 
Elbow extension increases the length of the bed of 

the median nerve by 2 0 % (Millesi 1986) which 

results in an increase in length of the median nerve 

by 4 - 5 % (Zoch et al 1991). Above the elbow, the 

median nerve moves distally and, below the elbow, 

it moves proximally (Wright et al 1996). This is 

yet another example of the general neurodynamic 

principle of convergence toward the moved joint. 

Flexion 
Elbow flexion decreases tension in the median nerve 

which becomes quite wrinkled at the end range 

(Wright et al 1996). Conversely, tension in the ulnar 

nerve at the elbow is increased (Toby & Hanesworth 

1998), sometimes by as much as 2 3 % (Grewel et al 

2000). The magnitude of strain in the ulnar nerve 

with elbow flexion varies considerably, depending 

on the sequence of movements used. More strain 

can be applied to the ulnar nerve when elbow flexion 

is the first movement of the ulnar neurodynamic test 

(Tsai 1995). 

In addition to tension being produced in the ulnar 

nerve by elbow flexion, intraneural pressure rises con

siderably (Pechan & Julis 1975; Green & Rayan 1999). 

The retinaculum over the ulnar nerve is stretched by 

4 5 % (Schuind et al 1995) and this is associated with 

a 4 1 % reduction in the space in the cubital tunnel 

and a 3 0 - 5 0 % reduction in cross-sectional area of the 

nerve. The pressure in the nerve with elbow flexion 

can rise to 4 5 % higher than the pressure inside the 

tunnel with flexion (Gelberman et al 1998). The pres

sure around the ulnar nerve in patients with cubital 

tunnel syndrome can exceed 200mmHg (Werner 

et al 1985a). This is well above systolic blood pressure, 

which indicates the likelihood of neural ischaemia 

with cubital tunnel syndrome, especially considering 

that the pressure threshold for nerve viability is only 

30-50mmHg (Gelberman et al 1983). The elbow 

flexion manoeuvre, when combined with manual 

pressure over the nerve at the elbow, is a more sensi

tive test for cubital tunnel syndrome than the flexion 

test alone and Tinel's sign (Novak et al 1994). 

Supinat ion and pronat ion 
Strain and excursion of the median nerve at the 

wrist and elbow with pronation and supination are 



small, probably because these movements do not 

produce large changes in the length of the mechan

ical interface. Also, there appears to be a great deal of 

variance between individuals (Wright et al 1996). 

Wright et al (1996) showed that pronation caused an 

increase in strain in the median nerve at the elbow 

by 0.6%, whilst, at the wrist, strain decreased by the 

same amount. The nerve at the elbow at this location 

also moved proximally by 0.34 mm whereas, at the 

wrist, it moved distally by 3.9 mm. The total excur

sion between pronation and supination in the nerve 

at the wrist amounts to 4.4 mm and, at the elbow, it 

totals 1.0 mm. These values were measured in cadav-

era and in a controlled laboratory setting. 

Even though it has been shown that only small 

effects are produced by pronation and supination, a 

key issue is when they are performed. If these move

ments are part of a whole neurodynamic test at its 

end range, small changes in the nerves produced by 

these movements could make a significant differ

ence to the responses. This is because, when the 

nerves are under tension, only small additional 

movements can be sufficient to produce significant 

effects in the system. 

A key asset in pronation and supination is the 

opportunity to apply stresses to the nerves through 

the mechanical interface. Stretching of the supinator 

muscle in the form of passive pronation can be used 

to exert up to 46mmHg of pressure on the posterior 

interosseous nerve at the supinator tunnel. Maximal 

contraction of the supinator muscle exerts up to 

190mmHg (Werner et al 1980). This is support for 

the idea that active movements can be combined 

with neurodynamic tests to assess and treat the 

interfacing structures in conjunction with the ner

vous system and to localize the application of forces 

to the nervous system. Interface interactions such 

as these are a key feature of advanced neurodynamic 

sequencing discussed later in this book. 

Wrist 

Flexion and extens ion 
Neurobiomechanics 
Flexion of the wrist decreases tension in the median 

nerve and extension increases tension. The total 

change in strain in the median nerve at the elbow 

between the two movements is 14.8%. At the wrist, 

the total change in strain of the nerve reaches 9.6%. 

Excursion of the nerve is proximal with wrist flexion 

and is distal with extension. The total longitudinal 

sliding of the nerve at the elbow between flexion and 

extension is 5.6 mm and, at the wrist, it can reach 

19.6mm (Wright et al 1996). Transverse motion of 

the median nerve at the wrist occurs and has been 

measured between 1.5 mm and 3.0 mm (Nakamichi &. 

Tachibana 1992; Greening et al 1999). 

Provocative testing 
Wrist flexion is used universally as a provocative 

movement for detection of carpal tunnel syndrome 

(Phalen 1951, 1970). This is because the manoeuvre 

applies pressure to the nerve and is likely to produce 

nerve ischaemia in patients with the syndrome. A 

nerve that is already ischaemic or under pressure 

may therefore produce symptoms when additional 

pressure is applied to it. In normal subjects, pressure 

as high as 40 -50 mmHg can be produced in the 

carpal tunnel with wrist flexion. Significant variation 

in the pressure changes with wrist movements occurs 

in both normal subjects and patients with carpal 

tunnel syndrome. Sometimes extension of the wrist 

can produce higher tunnel pressures than flexion 

(Gelberman et al 1981; Luchetti et al 1998) which 

means that it too can be used as a physical test. 

Radial and ulnar deviat ion 
Radial and ulnar deviation evoke changes in a simi

lar order of magnitude to pronation and supination 

of the forearm. Once again, the effects being small in 

magnitude will be caused by the fact that they do not 

produce much change in the length of the mechan

ical interface. The total change in strain in the 

median nerve at the elbow between radial and ulnar 

deviation is 3.3%. At the wrist, the total change in 

strain of the nerve reaches 3.8%. Strain in the nerve 

at the elbow increases with radial deviation and 

decreases at the wrist. At the wrist, the effects on 

strain are the opposite, radial deviation producing 

a decrease in strain and ulnar deviation increasing 

strain. The total amptitude of longitudinal sliding of 

the nerve at the elbow between radial and ulnar 

deviation is only 0.12 mm and, at the wrist, it can 

reach 0.49 mm (Wright et al 1996). As with pro

nation and supination, small changes in radial and 

ulnar deviation may not produce much in the way 

of mechanical events when they are performed in 



isolation. However, when the movements are per

formed in combination with other components of 

testing, they can become much more valuable. 

Finger f lex ion and extension 
Neurobiomechanics 
The patterns of median nerve strain and movement 

with finger movements are similar to those pro

duced by wrist movements. Flexion of the fingers 

decreases tension in the median nerve and extension 

increases tension. The total change in strain in the 

median nerve at the elbow between the two move

ments is 10.3%. At the wrist, the total change in 

strain of the nerve reaches 19.0%. Excursion of the 

nerve is proximal with wrist flexion and is distal 

with extension. The total longitudinal sliding of the 

nerve at the elbow between flexion and extension of 

the fingers is 3.4 mm and, at the wrist, it can reach 

9.7 mm (Wright et al 1996). Extension of the fingers 

produces between 4.0 mm and 9.5 mm of distal 

movement in the median nerve at the wrist (Laban 

et al 1989; Zoch et al 1991). 

In terms of transverse displacement in normal 

subjects, the median nerve at the wrist usually 

moves in a radial direction (approximately 1.55 mm) 

with finger extension (Erel et al 2003). 

Provocative testing 
The performance of passive extension of the index 

finger for diagnosis of chronic carpal tunnel syn

drome has been termed the 'Tethered median nerve 

stress test' (Laban et al 1986) and may be used in the 

examination of patients with symptoms suggestive 

of the problem. However, it is frequently rather 

provocative and should be used with caution. This 

might be due to the fact that finger extension pro

duces significant strain in the median nerve. 

THE LOWER LIMB 

Hip 

Flexion - straight leg raise (SLR) test 
The SLR has been researched extensively and it has 

long been confirmed that the manoeuvre produces 

a great deal of movement and tension in the lumbo

sacral nerve roots and sciatic nerve (Charnley 1951; 

Goddard & Reid 1965; Breig 1978). 

Mechanical interface 
In terms of the interface, hip flexion produces 

increased tension in the hamstring muscles, an effect 

that then produces posterior rotation of the pelvis as 

early as 10° of hip flexion (Bohannon et al 1985). 

This in turn produces flexion of the lumbar spine 

(Breig 1978) and moves all the local musculoskeletal 

and neural structures in the lumbopelvic region. 

Hence, the SLR per se does not distinguish between 

neural and musculoskeletal structures. Always 

therefore, structural differentiation is a necessary 

addition in performance of the test. 

Neural tissues 
It was often thought by clinicians that the SLR pulls 

and moves the sciatic nerve distally through the 

whole length of the lower limb. It is true that tension 

is applied to the nerve with the use of hip flexion. 

However, this action is in fact caused by the interface 

elongating around the sciatic nerve at the hip and, 

instead of producing widespread distal movement 

of the sciatic nerve in the limb, convergence of the 

nerve toward the hip joint occurs (Smith 1956). 

Because elongation is initiated at the hip joint, the 

neural structures above and below the hip slide dis

tally and proximally toward the hip respectively. 

Once again, convergence participates in the move

ment of nerves. Since the tibial nerve slides proxim

ally up the leg, this effect will evoke movement in a 

similar direction in the plantar nerves (Fig. 2.10). 

Distal movement of the lumbosacral nerve roots 

in their foraminae can amount to 9 -10 mm, whilst 

the lumbosacral trunk in the pelvis also moves in this 

> 



direction (Goddard & Reid 1965). The magnitudes 

of tension and strain that occur during the SLR have 

not been established. However, the nerve bed 

between the hip and ankle elongates by as much as 

124 mm (Beith et al 1995) which, in a person of aver

age height, can be calculated to be between 10% and 

17%. Hip flexion accounts for 4 4 % of the change in 

nerve bed length with the SLR (Beith 1995). 

Medial rotat ion 
Medial rotation of the hip increases tension in the 

lumbosacral plexus and its related nerve roots and 

also in the sciatic nerve (Breig & Troup 1979). This is 

because the neural structures pass posterior to the 

joint. Medial rotation is a valuable sensitizing move

ment for the SLR and slump tests, with its ability to 

increase the response to the test in patients and 

normal subjects. 

Adduc t ion 
Adduction of the hip increases the response to the 

SLR (Sutton 1979). However, to my knowledge, 

direct measurement of tension in the neural tissues 

during adduction has not been performed. Hip 

adduction may be used to sensitize the SLR in certain 

circumstances. 

Extension 
In normal subjects, hip extension increases the 

response to the prone knee bend (Davidson 1987). 

However, it is likely that this is via movement of the 

iliopsoas muscle, through which the lumbar plexus 

passes. Even though hip extension increases the 

symptom response, it is possible that, in some sub

jects, the response is no more neural in nature than 

the standard prone knee bend because the increase 

in symptoms with hip extension is not always influ

enced by neural differentiation movements eg. neck 

flexion (Davidson 1987). 

Knee 

Extension 
Knee extension increases the length of the sciatic 

nerve bed by up to 60 mm, and accounts for 4 9 % of 

nerve bed elongation (Beith et al 1995). The sciatic 

and tibial nerves converge toward the knee, sliding 

distally and proximally respectively (Smith 1965). 

This will cause the plantar nerves to slide proximally. 

Knee extension is useful clinically because the joint 

offers a large range of motion through which 

changes in symptoms can be easily observed. Hence, 

this movement can be used to mobilize nerves that 

are located a large distance from the knee, such as 

the posterior tibial nerve (Shacklock 1995) or the 

lumbosacral nerve roots, without producing exces

sive mechanical stresses in these structures. 

Flexion - prone knee bend 
The prone knee bend is used clinically to apply ten

sion to the mid-lumbar nerve roots and femoral nerve 

(O'Connell 1943) by virtue of the quadriceps muscle 

pulling on the terminations of the femoral nerve. 

However, the standard prone knee bend is not a defini

tive neural test. This is because, through the connec

tion of the rectus femoris muscle to the pelvis, 

anterior rotation of the pelvis occurs and therefore 

potentially implicates any of the lumbopelvic struc

tures as a source of pain in the back or pelvis. There

fore further differentiating manoeuvres are used to 

take the prone knee bend into the realm of neural 

differentiation. These are described in Chapter 7. 

Foot and ankle 

Dorsi f lex ion 
Dorsiflexion of the ankle has been shown to increase 

tension in the tibial nerve (Beith et al 1995) and, at the 

height of the SLR, has at surgery been observed to 

produce movement in the lumbosacral nerve roots 

(Macnab 1988, personal communication). Clinically, 

dorsiflexion is frequently a valuable differentiation 

and sensitizing manoeuvre for the SLR because of its 

ability to produce movement in the sciatic nerve tract 

as far proximally as the lumbosacral nerve roots. 

Eversion 
The posterior tibial nerve is tensioned by eversion of 

the ankle (Daniels et al 1998) because the nerve 

courses along the medial aspect of the ankle, albeit 

behind the medial malleolus. Pressure on the nerve 

during eversion rises to 32 mmHg, between seven and 

16 times that which occurs in the neutral position 

(Trepman et al 1999). It is clear that mechanical 

function of the lower limb is important in managing 

neural problems in this region. 



Dorsi f lexion/ inversion - sural nerve 
Dorsiflexion/inversion of the ankle and foot tensions 

the sural nerve because of its posterolateral course 

around the ankle joint. This nerve may become dam

aged in cases of sprained ankle in which the injuring 

movement involves these specific movements. 

Plantarf lexion/ inversion -
peroneal nerve 
Because of the passage of the superficial peroneal 

nerve over the anterolateral aspect of the ankle, the 

nerve is tensioned and moves distally in the leg with 

plantarflexion/inversion of the foot and ankle 

(Kopell & Thompson 1976; Shacklock 1989 (unpub

lished data)). In cadavers, I have observed that the 

movement can amount to several millimetres with 

more movement occurring at the level of the super

ficial peroneal nerve immediately proximal to the 

ankle and less movement occurring at the level of 

the head of the fibula. The nerve tends to move with, 

although not as much as, the adjacent tendons. 

Some ankle sprains produce damage in this 

nerve (Nobel 1966; Streib 1983; Kleinrensink et al 

1994). This may account for peroneal neurodynamic 

tests (slump and SLR versions) becoming abnormal 

(Mauhart 1989; Pahor & Toppenberg 1996) in some 

patients with sprained ankle. 

Plantarflexion/inversion of the ankle is valuable 

in the sensitization (Slater 1988; Mauhart 1989) and 

differentiation of peroneal involvement in lower 

limb pain. Plantarflexion/inversion is also relevant to 

the piriformis syndrome because the manoeuvre 

may produce specific forces in the peroneal part of 

the sciatic nerve up to the pelvis in those who have a 

high division of the sciatic nerve into its peroneal 

and tibial components (Shacklock 1989). 
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General 
neuropathodynamics 



General points 

General and specific 
neuropathodynamics 
As was the case with neurodynamics, neuropatho

dynamics has been divided into general and specific 

domains. General neuropathodynamics refers to 

abnormalities in function of the nervous system that 

are fundamental and can occur at many sites in the 

body. Specific neuropathodynamics relates to dys

functions that occur in specific parts of the body 

and is influenced by local anatomy and biomechan

ics. This aspect is presented in the chapters on par

ticular syndromes that take place clinically. 

The need for new classifications of 
neural disorders 
Peripheral neuropathies have in the past been classi

fied according to their related pathoanatomical and 

pathophysiological changes and clinical correlates. 

The two most notable classifications were proposed 

by Seddon and Sunderland. The familiar terms neu-

rapraxia, axonotmesis and neurotmesis were pre

sented to illustrate three types of neuropathy 

(Seddon 1943). In addition, Sunderland (1951) pro

posed five different subtypes that involved damage 

to specific parts of the nerve and was an advance on 

Seddon's classification because it took injury to the 

axons and neural connective tissues into more detail 

(reviewed in Sunderland 1991). These classifications 

are appropriate in patients whose lesion is severe 

enough to produce gross anatomical and neuro

logical changes. Despite this, patients whose problem 

fits these categories form only a small number seen 

by therapists. Many of the remaining neural dis

orders are of a different kind from those classified by 

current methods. In these cases, usually no obvious 

pathology or neurological loss exists, but the prob

lem is still caused by mechanical or physiological 

dysfunction (neuropathodynamics) that is usually 

intermittent, dynamic and related to perturbations 

in movement and sensitivity rather than being caused 

by pathology. The International Association for 

the Study of Pain has published an expansive 

classification of painful disorders, including those 

that arise from the nervous system (Merskey & 

Bogduk 1994). 

Historically, the above definition was influenced 

by previous research into pain neurophysiology. 

However, since mechanics of the nervous system 

influences nervous system physiology, now is the time 

to include mechanical aspects within this definition. 

Expanding the boundaries 
The above definition allows for intermittent dys

function in the nervous system to be a cause of pain 

without the presence of pathology or loss of nerve 

conduction. As mentioned, it is now necessary to 

take this definition into the mechanical domain 

because of the relationships this parameter has with 

physiology of the nervous system. Once the prospect 

of mechanical dysfunction being a potential cause of 

pain is embraced, more classifications for neural 

problems are revealed in which the specific elements 

of mechanical dysfunction can be placed into dis

tinct components, or diagnostic categories. Such a 

classification must produce diagnostic categories 

that take into account several key factors. 

1. The fact that mechanical dysfunction in the ner

vous system can cause pain. 

2. Neural dysfunctions are intertwined with dys

function in the tissues around the nervous system 

(mechanical interface) and the tissues innervated 

by the nervous system (innervated tissues). For 

that reason, diagnostic categories must cater for 

the interactions between the three types of struc

tures; mechanical interface, neural and innerv

ated tissue. 

3. The relevant anatomical and neurophysiological 

aspects must be included in clinical analysis for 

reasons of safety and for the completion of an 

approach that integrates neurodynamics with the 

musculoskeletal system. 

The following is a classification, or set of diagnostic 

categories, of disorders that affect the nervous sys

tem. It achieves the goal of linking pathodynamics in 

the nervous system with treatment. A key feature is 



that it integrates nervous system function with that 

of the musculoskeletal system. 

The existence of different types of 
mechanical dysfunction 
As mentioned, neuropathodynamic mechanisms 

can be divided into those that affect the nervous sys

tem through three main components; mechanical 

interface, neural structures and innervated tissues. 

In some patients, specific mechanical dysfunc

tions can present in a manner that distinctly reflects 

the pathomechanics. For instance, a problem with 

closing of the mechanical interface around the ner

vous system will present differently from an opening 

problem. The problem of impaired neural sliding 

will manifest itself differently from the one of 

altered tension behaviour in a nerve. 

Different mechanisms interact 
In almost every case, interactions will occur between 

the different elements of pathodynamics. Interface 

components will interact with the neural compon

ents that may then interact with innervated tissue 

components. To complete the cycle, innervated tis

sue components may then influence other aspects of 

pathodynamics. In most patients, a contribution by 

more than one component mechanism occurs and 

these are classifiable. The following is a classification 

of neurodynamic problems that forms the corner

stone of mechanical diagnosis and treatment in 

this book. 

Defining relationships between 
neuropathodynamics and clinical 
problems 
In defining dysfunction categories that form the 

basis for diagnosis, words such as normal, abnormal, 

desirable (optimal) and undesirable (suboptimal) 

will be used. They relate to the notion of whether the 

function of a part of the body is adequate, such that 

symptoms do not occur. In the lucky few, body func

tion is so good (optimal) that even high stresses and 

strains pose no problem, such as elite athletes and 

asymptomatic workers in repetitive environments. 

Everyday normal body function is somewhat differ

ent. It is rarely perfect or optimal but has desirable 

and undesirable features that influence the likelihood 

of problems developing. Normality generally pro

duces nothing in the way of symptoms until the part 

is subjected to sufficient mechanical stress. In those 

whose body occupies the lower range of normal or 

possesses an anomaly or subtle pathological process, 

symptoms may not occur but are more likely to do so 

in the presence of provocation. This can be classified 

as undesirable or, in the words of Jenny McConnell, 

'suboptimal'. Improving function to a more desirable 

level (i.e. optimizing function) may be an essential 

aspect of treating the problem. Effectively we try to 

place the nervous system in as good an environment 

as possible to facilitate optimal function. This is as 

long as the signs, symptoms and patient behaviour 

form an appropriate match. 

The inclusion of the above terms makes diagnosis 

more complex, but the benefit of such a method is 

that it encourages the clinician to consider the rele

vance and role of pathodynamics in relation to the 

whole patient problem. This is a deliberate departure 

from the old concepts of normal and abnormal as 

being black and white categories that either fulfill 

or fail our patients. For instance, a problem could 

exhibit a subtle imperfection of nerve or interface 

dynamics that might be considered to be within nor

mal limits, but at the lower end of the scale. When 

related to an athlete, in whom a high level of function 

is required, this might be particularly relevant and 

need treatment. Conversely, in the patient who experi

ences severe and disabling pain dominated by cen

tral and behavioural aspects, a small imperfection in 

function might not be so relevant. The following is 

an illustration of a suboptimal problem that is not 

relevant to the patient's current problem. 



On that account, the terms normal, abnormal, opti

mal and suboptimal are used in the classification of 

dysfunction related to the nervous system. The final 

benefit of this aspect is that these terms mark an 

intentional divergence from classifying neurody

namic tests in terms of 'positive' and 'negative' which 

so commonly occurs and is entirely inaccurate. 

Rather than there being a black and white separation 

between normal and abnormal (alias negative and 

positive), there is a spectrum of alterations in the 

nervous system that should be included in the analy

sis. This is discussed in more detail in Chapter 5. 

Optimal/desirable - when the neuromusculo-

skeletal system behaves exceedingly well and does not 

produce symptoms in situations of high stress. 

Suboptimal - when the neuromusculoskeletal 

system behaves imperfectly, to the point where the 

likelihood of symptoms increases but symptoms 

do not necessarily result until an adequate trigger 

(or provocation) occurs. Depending on the state of 

the tissues, it can be relevant, irrelevant, sympto

matic or asymptomatic. 

Normal - when the function of the neuromuscu

loskeletal system is within normal values. However, 

whether the tissues are subjected to normal or abnor

mal mechanical stresses will influence the likelihood 

of symptoms developing. 

Abnormal - when the function of the neuromus

culoskeletal system is distinctly outside the normal 

range. This can be caused by pathology or abnor

mality in mechanics or physiology. However, since 

neuropathies may not always produce symptoms 

(Neary et al 1975), the abnormal category can be 

symptomatic, asymptomatic, relevant or irrelevant. 

Relevant - when pathodynamics are causally 

linked to the clinical problem. 

Irrelevant - when pathodynamics are not 

causally linked to the clinical problem. 

The above categories of problem are not mutually 

exclusive and will interact in many cases. 

MECHANICAL INTERFACE 
DYSFUNCTIONS 

Pressure exerted on the nervous system could be 

intermittent or sustained, depending on the behav

iour of the disorder. Dysfunction in the mechanical 

interface can be divided into different types. 

Naturally, the clinician must be proficient in 

mechanical testing and treatment of the muscu

loskeletal system because they are key parts of deal

ing with interface problems. 

1. Closing dysfunctions 



As with all dysfunctions, suspicion about the exist

ence of a closing dysfunction is raised during the 

verbal interview and is based on the history, behav

iour of symptoms, radiological investigations and 

manual examination. The closing dysfunction in the 

mechanical interface is one of the most common 

forms of pathodynamics. 

A. Reduced closing 

Since closing is a normal aspect of movement com

plex and nervous system function, it is possible that 

the nervous system needs to be subjected to regular 

appropriate elevations in pressure for normal nutri

tion to occur and to prevent the development of 

stiffness and hypersensitivity to closing. Hence, if 

the diagnosis is reduced closing, improvement of 

the closing mechanism may be a necessary part of 

treatment, particularly if the problem is mechanical 

in origin. However, due to the risks attached to 

increasing pressure on the nervous system, the clini

cian must be absolutely sure that treatment with a 

closing technique is likely to be safe, effective and 

actually necessary. The reduced closing dysfunction 

is often caused by a protective response due to the 

presence of pathology. Disc bulges, swollen poste

rior intervertebral joints, osteophytes tumours and 

abscesses are pathologies that can cause reduced 

closing and must always be borne in mind when 

considering this dysfunction. Frequently in this dys

function it is actually better to open around the neu

ral structures to reduce pressure on them in the early 

stages. For more detail on treatment, see Chapter 8 

onwards. 

B. Excessive closing 



When excessive closing occurs in a joint, it must in 

some way be related to hypermobility or instability. 

This is frequently a result of tissue disruption, 

altered motor control, inappropriate use or varia

tion in anatomy of the movement complex. If the 

closing dysfunction resides in a structure other than 

a joint, for instance, a muscle, then it may need 

treatment through soft tissue releases or motor con

trol techniques. In any case, the excessive closing 

dysfunction relates closely to instability and motor 

control, which must be addressed in order to reduce 

the closing effects on the nervous system. 

2. Opening dysfunctions 

A. Reduced opening 

In the spine, the opening mechanism around a nerve 

root maybe abnormally reduced due to stiffness in the 

local motion segment. In this case, the nerve root may 

never be completely relieved of pressure and may 

become sensitized and painful due to subtle perturba

tions in its blood flow. This is different from the clos

ing problem because it is one of reduced opening rather 

than excessive closing. An example of insufficient 

opening is the C5-6 segment that can laterally flex and 

rotate normally toward the ipsilateral side but the 

intervertebral foramen does not open fully with lateral 

flexion and rotation in the contralateral direction. 

In the extremities, the same kind of mechanism 

can operate. An example of this would be carpal 

tunnel syndrome in which the tunnel pressures may 

not be very high, but they could be sufficient to 



produce mild obstruction of venous return and 

cause a mild neuropathy that, if sustained, may 

progress to a more severe problem. Reduced range of 

horizontal flexion after wrist trauma illustrates this 

kind of dysfunction (Fig. 3.4). 



B. Excessive opening 

In the problem of excessive opening, it is possible 

that the nervous system is stretched excessively by 

traction on the tissues that pass between the inter

face and neural tissues. This type of dysfunction 

relates specifically to the spine where contralateral 

lateral flexion plays a key role. Forceful lateral flex

ion of the neck during injury, or repeated lateral 

flexion during an occupational or athletic move

ment are such examples. In this dysfunction, the 

movement of the spinal structures imparts excessive 

tension on the contralateral nerve roots and plexus. 

This kind of problem is not uncommon in injuries 

that involve forceful sideways movement, particu

larly trauma in contact sport and high velocity vehi

cle accidents. The excessive opening dysfunction is 

closely related to instability. 

Comments on Instability 

Instability is at present a topical subject and has distinct 

effects on the nervous system. Instability of the ankle 

has been shown to impart increased mechanical 

stresses onto the posterior tibial nerve at the tarsal tun

nel (Daniels et al 1998). In the spine, such a dysfunction 

may subject the nerve roots to excessive compression, 

strain or shear. The cause of neural stresses with insta

bility is likely to be via the neutral zone of the motion 

segment expanding or altering its position on the 

opening and closing spectrum and poor control of 

movement. If this produces a problem in neural tissues, 

it is probably through mechanical irritation. In terms 

of treatment, it would be essential to improve the 

mechanical function of the interface as the main 

component of treatment. This illustrates the notion 

that it is not necessary to mobilize all neural problems. 

Protection of the nervous system should at times be a 

focus and will necessitate improving motor control. 



3. Pathoanatomical dysfunction 

Characteristics 
Pathologies in the mechanical interface that can 

compress and irritate the nervous system consist of, 

in the spine, disc protrusions, swollen joints, sten

osis, osteophytes and tumours, to name a few. In the 

limbs, some pathologies consist of ganglia, swollen 

tendons and synovial sheaths, stenosed nerve tun

nels, anomalous tendons and muscles, bony protru-

berances and growths and foreign bodies (reviewed 

in Shaddock 1996). 

In the pathoanatomical dysfunction, movement 

in the closing direction provokes pain or is lacking. 

This dysfunction is frequently produced by space 

occupying lesions in which pain is provoked by clos

ing movements as they exert excessive pressure on 

the neural structure. Consequently, the body some

times adopts a position of reduced closing (or even 

frank opening) in order to protect the local neural 

and musculoskeletal structures. 

Precautionary issues 
It is important to acknowledge the pathoanatomical 

type of disorder because it influences prognostic 

factors that link to the limitations of physical treat

ment and safety issues. In patients whose basis for 

their problem is pathoanatomical, the response to 

mechanical therapy is usually poorer than the prob

lem that is caused by an intermittent dysfunction 

that does not include a pathology. This is because of 

the continuous, progressive and sometimes serious 

nature of the pathology and the general inability of 

physical therapies to directly alter pathology. Patients 

in whom this type of problem is suspected to exist 

should be promptly referred for medical investiga

tion and management. In such cases, direct neurody

namic techniques that increase forces on the nervous 

system are often contraindicated. However, given the 

right conditions and carefully applied, techniques 

that open the interface, and reduce pressure on the 

nervous system and reduce tension in the neural 

structures can be performed and given as home exer

cises for the relief of symptoms, as long as safety is 

the primary concern. Exercises for the protection of 

the nervous system through motor control can also 

be administered. 





4. Pathophysiological dysfunction 

The reason for including the pathophysiological 

dysfunction generally is that it connects with pain 

mechanisms, the understanding of which is essential 

in the sound application of clinical neurodynamics. 

The pathophysiological problem in the mechan

ical interface is presented as a specific category of 

problem because, like the pathoanatomical interface 

disorder, it can also produce adverse consequences 

in the nervous system. For instance, inflammation in 

musculoskeletal structures will produce swelling 

and may exert pressure on the nervous system. 

Another mechanism by which pathophysiologi

cal changes in the interface can affect neural ele

ments is that caused by protrusion of nucleus 

pulposus. Within minutes, chemicals located in the 

epidural region can seep into the nerve roots 

through small veins that connect the epidural space 

with the intraneural capillaries in the nerve roots 

(Byrod et al 1995). When nucleus pulposus is posi

tioned next to the nerve root, without increasing 

pressure on the root, the physiology of the nerve 

root can become profoundly disturbed. This is by 

way of impaired conduction and development of 

intraneural oedema and Schwann cell swelling 

(Olmarker et al 1994; Olmarker et al 1996; Byrod 

et al 1998). This is effectively an inflammatory 

response triggered by the mere presence of a specific 

foreign substance and occurs in the absence of 

increased pressure on the neural structure 

(Olmarker & Rydevik 1998). 

NEURAL D Y S F U N C T I O N S 

1. Neural sliding dysfunction 

Evidence 
In the case of spinal cord and dural tissue being 

tethered to the spinal canal, the contiguous neural 

tissue elongates internally more than normal as a 

means of compensating for the loss of movement 

(Adams & Logue 1971). Spinal cord tethering is a 

model for the effects of neuromechanical dysfunc

tion in which impaired sliding of the cord in its canal 

differentiates patients with and without neurological 

symptoms. Interestingly, those with malformed con

nective tissue around the cord and who still have 

normal cord movement do not report neurological 

symptoms whereas those whose spinal cord can not 

move adequately report neurological symptoms 

(Levy 1999). Hence reduction in movement of the 

cord correlates more closely with the presence of 



neurological symptoms than the mere presence of 

scarring around the cord i.e. pathology. 

Even though not yet fully proven (Erel et al 2003), 

the extremities also sometimes demonstrate the 

above principles. In cases of carpal tunnel syndrome, 

longitudinal excursion of the median nerve at the 

wrist is significantly reduced (Valls-Solle et al 1995). 

In relation to the transverse movement of the nerve, 

normally it is measured at values between 1.5 mm 

and 3.0 mm (Nakamichi & Tachibana 1992; Erel et al 

2003). However, in patients with carpal tunnel syn

drome, the transverse sliding can be reduced by 

between 4 3 % (Erel et al 2003) and 75% (Nakamichi & 

Tachibana 1995) of its normal amount. Furthermore, 

this lack of nerve movement has, at surgery, been 

linked to tethering of the nerve to its interface by 

connective tissue (Nakamichi & Tachibana 1995). 

Transverse movement of the median nerve is also 

reduced in patients with non-specific upper limb 

pain related to occupational overuse (Greening et al 

1999). Paraneural scarring that reduces neural 

movement occurs in many peripheral nerve prob

lems (Kalb et al 1999) and is linked to friction irrita

tion (Sakurai & Miyasaka 1986; Sunderland 1991; 

Skalley et al 1994; Petersen et al 1996; Gorgulu et al 

1998). Nerve root adhesions are also associated 

with reduced movement of the nerve roots in cases 

of chronic radicular pain (Frykholm 1951a, b; 

Murphy 1977). 

On some occasions, it is possible to ascertain 

whether clinical evidence in support of the neural 

sliding dysfunction exists. 

Adherence of paraneural scar tissues in the case of 

neural tethering will also increase tension in the tissues 

that form the adhesion, making them another poten

tial source of symptoms. Furthermore, a key issue is 

that restriction of nerve excursion through scarring 

between the epineurium and its adjacent tissues can 

occur without axonal damage (Weller 1974). This 

highlights the value of mechanical tests that produce 

sliding as opposed to tension in the nervous system. 

2. Neural tension dysfunction 

Since its inception, the tension dysfunction has gone 

through quite a pendular effect with early proponents 

changing their opinion on whether it exists or not, or 

even whether it is relevant in the clinical context. The 

big challenges have been the rise of popularity in cen

tral pain mechanisms and their potential to produce 

false positive effects in neurodynamic testing and the 

confusion about what is a normal and abnormal neu

rodynamic test. My position is that neural tension 

dysfunction exists in some people. The problem was 

that it was in the past diagnosed too frequently and 

inappropriately. 

Tension dysfunction in nerves is related to a 

number of variables. As mentioned, reduced neural 

sliding will produce increased tension in the nerves. 

Also present is the possibility that internal scarring 

of a nerve may reduce the ability of a nerve to elong

ate. The following is an example of neural tension 

dysfunction (Fig. 3.7). 



Clinical features 
The physical findings related to the neural tension 

dysfunction are simply that the patient's symptoms 

are provoked by movements that place the relevant 

neural structure on tension. Clearly, movements 

that elongate the nerve will therefore be relevant and 

sometimes it is appropriate and necessary to per

form tensioner techniques in the treatment of these 

problems. Appropriate selection of techniques is 

discussed in Chapter 6 and the respective chapters 

on specific clinical syndromes. 

3. Neural hypermobility - instability 

4. Pathoanatomical dysfunction 

Such pathologies can consist of those in the classifi

cations of Seddon and Sunderland, as mentioned 

previously. In these cases, clear changes in neuro

logical function will be evident. In addition, patholo

gies within the nervous system itself, such as 

meningiomas, Schwannomata, arachnoiditis pro

ducing meningeal scarring, spinal dysraphism and 

anomalies (even two nerve roots can pass through 

one foramen, leaving the adjacent foramen vacant) 

can occur. This would render the nerve root com

plex disadvantaged or in a suboptimal state. Since 

therapists do not perform diagnostic imaging tech

niques for these problems and symptoms and phys

ical examination are not diagnostic for pathologies, 

there is potential for the therapist to overlook the 

possibility of a serious pathoanatomical cause of 

symptoms (Fig. 3.8). 



5. Pathophysiological dysfunction 

Intraneural blood f low - elevated 
pressure and the tourniquet effect 
The effect of pressure on the flow of blood through 

the nervous system is quite graded. At tissue pres

sures as low as 30-50 mmHg (Gelberman et al 1983), 

pressure on the neural structure rises and the flow of 

blood through the veins that remove fluid from the 

nerve is reduced (discussed in Sunderland 1976). 

Venous fluid stagnates, causing the pressure in the 

nerve to rise further and oedema to form around the 

axons. Since fluid can not leave the nerve and arterial 

blood can still enter, swelling develops further and 

the provision of oxygenated blood to the nerve 

becomes impossible. This is similar to gently applying 

a tourniquet around the arm. Because arterial pres

sure is higher than venous pressure, blood can enter 

the limb but it can not leave. The veins in the limb 

bulge and, if the tourniquet is held for long enough, 

blood flow through the limb will reduce and the limb 

will turn blue and become hypoxic (Fig. 3.9). 

Causes of elevated pressure on neural structures 

consist of constricted tunnels, spinal canal and inter

vertebral foraminae; swelling of structures adjacent 

to the nerves e.g. tendons and excessive contraction 

of muscles that approximate the peripheral nerves 

(Werner et al 1980, 1985a, 1985b). Pressures exerted 

on nerves in patients with peripheral neuropathies 

can range from 30 mmHg to 240 mmHg (Gelberman 

et al 1981; Werner et al 1985a). The latter pressure is 

well above normal venous pressure and sometimes 

higher than arterial pressure. 

Mechanical irritation 
As discussed in Chapter 1, the connective tissues of 

the nervous system are innervated by C nociceptors. 

In addition to having afferent functions, they also act 

in an efferent direction and influence inflammation 

in the tissues that they innervate. One of the tissues 

innervated by these nociceptors happens to be the 

connective tissues of the neural structure itself, in 

which the nociceptive axons pass. The nociceptive 

axons that pass in the nerve provide branches 

that terminate in the epineurium or dura and are sen

sitive to mechanical events. When the nerve's noci

ceptors are stimulated by potentially harmful forces, 

such as excessive friction or repeated compression, 

they initiate an inflammatory response in the nerve 

by releasing calcitonin gene-related peptide and sub

stance P which are intensely vasoactive and give rise 

to local inflammation. This illustrates the notion that, 

like musculoskeletal structures that contain connec

tive tissue and are innervated by C nociceptors, so too 

can nerves become inflamed through mechanical 

irritation (Zochodne & Ho 1991). 

The inflammatory response being produced by 

activation of the nociceptors in the peripheral nerve 

presents a couple of points that are important for 

the clinician. The more intense the stimulation, the 

greater is the endoneurial blood flow. Endoneurial 

flow can increase by as much as 4 3 % above resting 

levels during stimulation of the nerve's nociceptors. 

Also, the blood flow increases with the duration of 

stimulation. One minute of stimulation produces a 

10% increase in endoneurial blood flow and stimu

lation for 15 minutes results in a 5 0 % increase 

(Zochodne & Ho 1991). 



Mechanical irritation produces inflammation of 

nerves (Sunderland 1991) and has many parallels 

with the compression type of neuropathy. The inflam

mation that ensues is associated with endoneurial 

oedema. The formation of oedema in the neural struc

ture is common to both inflammatory and compres

sive neuropathies because, just as the compressive 

problem produces intraneural oedema by obstruc

tion of venous return, so does mechanical irritation 

through the production of inflammation. In the 

words of the late Emeritus Professor Sir Sydney 

Sunderland, 'fibroblasts love oedema'. Endoneurial 

oedema then provides an ideal environment for 

fibroblasts to proliferate and produce scarring, which 

can then produce loss of neural excursion and pain 

with movement. Friction and pressure with repetitive 

daily movements initiate inflammation in the con

nective tissues of the nerve, as would be the case with 

connective tissue in any other type of structure. 

Inflammatory scarring due to mechanical irritation 

occurs in both peripheral nerve (Laban et al 1989) 

and nerve roots (Frykholm 1951a, 1951b; Murphy 

1977) (Figs 3.10 and 3.11). 

Mechanosensit ivity 
Overview 
Mechanosensitivity is the chief mechanism by which 

the nervous system becomes a source of pain with 

movements and postures. This is because it allows 

the production of afferent impulses from the neural 

structure for processing in the central nervous system. 



Normal versus abnormal 
mechanosensitivity 
Two divergent positions on the subject of mechano

sensitivity have been adopted in the literature. The 

first is that nerves are never mechanosensitive and 

therefore could not be a source of pain. This is clearly 

incorrect and deserves no further attention. The sec

ond is that normal nerves are not mechanosensitive 

and damaged or inflamed ones are. Neither does this 

statement fully bear out the research and, instead, sub

tleties in the phenomenon should be borne in mind. 

High intensity force evokes much activity in undam

aged axons and this is more significant in injured 

nerves (Gray & Richie 1954; Lindquist et al 1973; 

Howe et al 1976, 1977; Burchiel 1984). It is a matter 

of taking into account several variables simultane

ously in each case. These variables consist of the 

magnitude of the mechanical trigger and the state of 

the neural tissue. In the studies that directly investi

gate mechanosensitivity in which strong stretch or 

compression are applied to neural tissue, the axons 

respond intensely with many impulses in quick succes

sion (Howe et al 1977). This applies to sensory, motor, 

autonomic and spinal cord axons (Lindquist et al 1973; 

Nordin et al 1984). Nerve cells are in fact mechanical 

transducers and normally become active in response to 

high intensity mechanical stimuli (Rosenblueth et al 

1953; Julian & Goldman 1962). One can test this by 

performing a neurodynamic test strongly, or tapping a 

nerve vigorously, both of which can produce pins and 

needles in normal subjects. In the abnormal situation, 

in which the neural tissues are sensitized by injury or 

inflammation, impulses can be more readily activated 

with the application of only gentle mechanical forces 

that are likely to occur during normal daily movement 

(Howe et al 1977; Calvin et al 1982). 

One exception to the above is the dorsal root gan

glion because it normally produces impulses spon

taneously and in response to mechanical events such 

as the straight leg raise. However, it too becomes 

more mechanosensitive in response to injury (Howe 

et al 1977; Wall & Devor 1983). In pathological states, 

increased mechanosensitivity occurs in peripheral 

nerves (Nordin et al 1984), nerve roots (Howe et al 

1977), the dorsal root ganglion (Wall & Devor 1983) 

and the spinal cord (Smith & McDonald 1980). In 

the inflamed state, nerves can even become active as 

pressure is removed from them (Howe et al 1977). 

This could be interpreted as dynamic hyperalgesia or 

allodynia and may manifest itself in the patient on 

whom applying and releasing tension from sensi

tized neural structures produces pain. Also, in nerve 

injured animals, cross-talk between nerve cells in the 

dorsal root ganglion increases considerably, possibly 

giving rise to abnormal and confused afferent input 

to the central nervous system which may be part of 

the dysaesthesiae seen in patients with neural dis

orders (Devor & Wall 1990). Mechanosensitivity may 

well be influenced by axonal transport (Devor & 

Govrin-Lippmann 1983), possibly through altered 

delivery of abnormal amounts of receptors to spe

cific locations along the axon. 

Chemical mechanosensitivity 
Another element of mechanosensitivity that is 

usually not taken into account is that of chemical 

and cytoskeletal sensitivity. Probably in response to 

mechanical compression and tension, cytoskeletal 

elements such as neurofilaments accumulate at the 

nodes of Ranvier where the Schwann cells that make 

up the myelin sheath leave the axon exposed to 

mechanical forces. This is thought to be an adaptive 

mechanism to accommodate to, and protect the nerve 

cell from, mechanical stresses (Price et al 1993). For 

this to occur, mechanosensitivity must be a built-in 

natural mechanism that responds to all manner of 

normal forces, even though these effects may not be 

perceptible. This type of slow response to mechanical 

stimulation is likely to extend to the connective tissue 

of the nervous system in the form of increased con

nective tissue attachments between the neural elem

ents and their interfacing tissues with age (Goddard & 

Reid 1965). The final element of mechanosensitivity 

ought to include the phenomenon of thixotropy. This 

is when the axoplasm in the nerve becomes thinner 



and flows more easily with movement (Baker et al 

1977) and relates to viscoelastic function of nerve 

cells. It is possible that nerves that do not move 

become less pliable and may need appropriate move

ment, including compression and tension for mainte

nance of good health. 

Hence, an element of mechanosensitivity is the 

slow adaptive response to natural movement and is 

worth bearing in mind in patients in need of long 

term rehabilitation. 

Clinical correlates of mechanosensitivity 
The clinical correlates of heightened mechanosensi

tivity are the production of symptoms, such as 

pain and paraesthesiae, with mechanical stresses in 

the nerves induced by normal body movements. 

Mechanosensitivity as a direct response to mechanical 

loading of the neural structures has been correlated 

with the production of symptoms at the exact time 

at which mechanical force was applied. This has 

been achieved in two ways. The first was by direct 

mechanical stimulation of the neural tissues in 

patients whose nerve roots were observed at surgery 

to be inflamed and scarred due to disc protrusion. 

Gently moving a thin nylon thread that was placed 

around the nerve root reproduced patients' sciatic 

pains (Smythe & Wright 1958). The second was, 

whilst under mechanical tension, measurement of 

electrical activity in the axons of the neural structure 

from which the symptoms arose, was achieved using 

needle microelectrodes placed in the nerve. The 

impulse traffic in the neural structure increased 

at the same time as mechanical stress was applied 

and the patients' reported symptoms. These events 

occurred with the ulnar nerve, cervical and lumbar 

nerve roots and spinal cord (Nordin et al 1984). 

And that account, mechanosensitivity in relation 

to the production of symptoms and clinical analysis 

should now be considered with the following points 

in mind. 

Metabolic disorders 
Although only briefly mentioned, metabolic and 

endocrine diseases are an important aspect of the 

neural disorder. Many diseases influence nutrition 

and mechanical function of peripheral nerves. 

Diabetes is a particularly common one in which the 

peripheral nerve in a diabetic person is more suscep

tible than normal to compression (Dellon et al 1988). 

Others to be aware of are alchohol toxicity, HIV/aids 

(Fuller et al 1991), thyroid disease and many more. 

INNERVATED T ISSUE 
DYSFUNCTIONS 

Starting summary 

1. The abnormal nervous system can cause dysfunc

tion in the innervated tissues via its outward 

actions. 

2. Changes in the innervated tissues produced by 

the abnormal nervous system include hyperactiv

ity and hypoactivity of muscles, trigger point-like 

tenderness and alterations in inflammation in the 

musculoskeletal structures. 

3. Since nervous system dysfunction can express 

itself in the body, the innervated tissues can be 

used as a looking glass for understanding nervous 

system dysfunction and may require direct treat

ment in the presence of neuropathodynamics. 



1. Motor control dysfunctions 

Importance of motor control 
Motor control dysfunction is very important in rela

tion to the nervous system because, if the muscu

loskeletal system does not move optimally, forces 

exerted on the nervous system by the mechanical 

interface will become disadvantageous. Much is 

known about neurodynamics and it is possible to 

link this dimension to aspects of motor control in 

the improvement of forces on the nervous system. 

A. Protective muscle hyperactivity 
dysfunction 

Relationships of motor control to 
neurodynamics 
Muscles form a key interface to the nervous 

system, but they are also an innervated tissue. Hence, 

when considering its interactions with the nervous 

system, the muscular system can be classified in 

two ways. 

If a muscle malfunctions, the forces exerted on 

the adjacent neural structures may become abnor

mal. The thoracic outlet where the scalene and pec-

toralis minor muscles relate to the brachial plexus is 

a good example of this. Here, the muscles are an 

interface to the nervous system. However, it would 

be different in the case of an S1 nerve root problem 

causing alterations in function in the calf muscle. In 

this case, the muscle is an innervated tissue and it will 

be necessary to adapt treatment accordingly. Hence 

the following statement applies. 

Overview 
Contraction of certain muscles, for instance upper 

trapezius, during the median neurodynamic test 1, is 

quite normal (Balster & Jull 1997; Coppetiers et al 

1999, 2003; van der Heide et al 2001). However, 

hyperactivity of muscles in the presence of neuro

pathic problems has been demonstrated (Hall et al 

1995, 1998; Coppetiers et al 2003) and in my opin

ion is very common. This activity probably occurs as 

a series of central reflexes in order to protect the 

related neural structure from potentially harmful 

physical forces. To illustrate, hyperactive contraction 

of the trapezius muscle during the median neurody

namic test 1 would prevent excessive depression of 

the scapula and over-straining the brachial plexus 

and cervical nerve roots. Hence, this motor action is 

a protective one. 

In the presence of neural problems, the muscles 

that protect a neural structure can contract earlier 

and more strongly than normally. For instance, the 

S1 nerve root problem could trigger a protective 

response in the hamstrings or calf muscles because 

stretching these muscles also stretches the nerve 

root. However, a tight quadriceps muscle would not 

constitute a protective dysfunction because, due to 

its lack of mechanical association with the SI nerve 

root, it does not provide a guarding effect. 

The next step is to classify the kind of motor control 

dysfunction. The categories of dysfunction are as fol

lows. Clearly, the dysfunctions are not mutually 

exclusive and considerable overlap between dysfunc

tions will exist. Some will be simple and others more 

complex, involving many spatially remote muscle 

groups. 





B. Muscle imbalance dysfunction 
Types of muscle imbalance that have been described 

by clinicians and researchers are numerous, to the 

point where the problem seems to be ubiquitous in 

the physical therapies. This is not a criticism, but it 

does illustrate the difficulty in classifying motor 

control dysfunctions and this is compounded fur

ther when they are integrated with the nervous sys

tem. The central nervous system undoubtedly plays 

a key role in the generation of such dysfunctions and 

this is where the clinician must classify the motor 

problem and establish its relationship to neurody

namics. For instance, a tight pectoralis minor muscle 

with a hypoactive lower trapezius that causes the 

scapula to exert excessive force on the brachial plexus 

at the thoracic outlet is a good example of an interface 

problem caused by muscle dysfunction. Treatment of 

scapular movement dysfunction for this problem is 

naturally important. Depending on assessment find

ings, it may also be useful to make sure that the 

brachial plexus can slide and cope with tension in the 

presence of improving muscle function. 

It is beyond the scope of this book to discuss altered 

motor control in detail and the reader is referred 

to other well known sources such as Sahrmann, 

Janda, McConnell, Hodges and Comerford for more 

information. 

C. Localized muscle hyperactivity 
dysfunction (Al ias-Trigger Point) 

Mechanisms 
Injured mechanosensitive peripheral nerves pro

duce efferent impulses that pass to the muscles sup

plied by the damaged nerve. The passing distally of 

impulses in motor fibres with mechanical stimula

tion of the nerve distinguishes the nerve as being 

pathological because this event does not occur in 

normal nerves. The production of muscle contrac

tion in response to tapping a sensitized nerve at the 

site of injury is the motor equivalent of Tinel's sign 

and can be used in assessment of neural disorders 

(Kingery et al 1995). 

During daily movements, mechanical stimulation 

of sensitized neural structures may activate impulses 

that pass to the innervated muscles to produce muscle 

hyperactivity. This can be quite localized to a part of a 

muscle and may produce trigger point-like changes 

that are quite palpable. Sometimes a thorough exami

nation of the muscles that relate to a particular neural 

structure should be performed as part of establishing 

what kind of neural dysfunction is present. This 

would involve specific muscle testing and palpation 

for local thickness, tenderness and trigger points. 

A typical example of the above neuropatho

dynamics is that of the S1 radiculopathy. After sev

eral treatments, the back pain and thigh symptoms 

improve and the patient reports being left with a 

localized patch of pain in the posterolateral aspect of 

their calf. On palpation, this is often exquisitely ten

der and hardened due to local muscle tissue contrac

tion. In the past, this might have been interpreted as 

peripheralization of pain but in fact it is not. This 

may be an efferent mechanism that needs treatment 

designed to relieve the muscle dysfunction through 

local techniques. Such techniques could consist of 

massage, trigger point therapy, acupuncture and 

muscle stretches, to name a few, but also specific 

neurodynamic techniques. 

D. Muscle hypoactivity dysfunction 



E. Paralysis 
In cases of neuropathy characterized by severe loss of 

conduction, muscle weakness and wasting is com

mon. The relevant muscles will therefore be hypo

active and this should be detectable with muscle 

testing, neurological examination and observation of 

muscle bulk. 

2. Inflammation dysfunction 

It is well known that efferent actions are produced 

by the autonomic and motor elements of the nerv

ous system. Although more recently, the sensory 

part of the peripheral nervous system in the 

production of such effects has been taken more 

seriously. 

Neurogenic inf lammation 
Release of inflammatory substances 
As discussed earlier in Chapter 1, calcitonin gene-

related peptide (CGRP) and substance P are pro

duced by C nociceptive nerve fibres at their cell 

bodies in the dorsal root ganglion, after which these 

substances are transported along their axons in the 

peripheral nerve to their distal terminals. C fibres 

release these substances tonically from their termin

als as they control vasodilation and inflammation 

(Sann et al 1988) and, on stimulation, larger amounts 

are released into the tissues (Renins 1981; White 8c 

Helme 1985). Inflammation in the innervated tissues 

results from increased release of these substances 

which can result in fierce vasodilation, leakage of 

plasma from blood vessels into the tissues, degranu-

lation of mast cells and increased motility of 

white cells in the area (Lembeck 8c Holzer 1979; 

Dimitriadou et al 1991; O'Halloran 8c Bloom 1991). 

The appearance of red blood cells in the joint from 

stimulation of the relevant nerve (Ferrell & Russell 

1986) is an illustration of the power of this phenom

enon. Long term potentiation of fibroblasts and 

priming of white cells can also result from stimula

tion of C fibres (Kimball 8c Fisher 1988; Perianin et al 

1989). All this provides a mechanism for neural 

disorders to produce inflammation in musculoskele

tal tissues (even synovial joints, Levine et al 1984) 

and to make these tissues mechanically hypersensi

tive in response to a current or prior neural disorder. 

The musculoskeletal tissues could also become more 

likely to develop inflammation due to a mild insult 

when a neural disorder has predated the insult 

(Fig. 3.12). 



Stimulation of inflammation from 

neural structures 

Mechanical or electrical stimulation of a damaged 

neural structure can be the trigger for inflammation 

(Bayliss 1901; Langley 1923). In the presence of 

neuropathy, dorsal nerve root stimulation produces 

dermatomal inflammation (Pinter & Szolcsani 1988) 

and activation of the peripheral nerve produces 

inflammation in the field of the nerve (Chahl 8c Ladd 

1976). Antidromic impulses arise from the dorsal 

root ganglion and peripheral nerve in cases of 

neuropathy (Wall 8c Devor 1983) and could be 

involved in the production of symptoms in the 

extremities in such circumstances (Xavier et al 1990). 

At times, the mechanosensitive neural structure will 

produce inflammation in the innervated tissues by 

depolarizing and releasing CGRP and substance P 

when movement in the neural structure occurs. 

Clinical research 

A. Increased inf lammation 

Implications and subcategories 

Neurogenic inflammation has two particularly impor

tant clinical implications. It means that attention 

must at times be directed at inflammatory mecha

nisms in the innervated tissue as an aspect of treat

ing the neural problem. Also treatment of a nerve 

or nerve root problem may form an integral part 

of treating an inflammatory problem in a muscu

loskeletal structure. 



The above was a case of distal innervated tissue dys

function and pain produced by the efferent actions 

of the nervous system. Such involvement of noci

ceptive fibres is supported by the fact that anaes

thetizing a distal area in a limb can abolish pain 

that follows radiculopathy in humans (Xavier et al 

1990). This inflammation dysfunction can occur in 

disorders such as specific plantar fasciitis and heel 

pain and can respond well to clinical neurodynam

ics (Shaddock 1995). 

The dysfunction of reduced inflammation is in exact 

contrast to the previous one. In the profoundly dam

aged nerve, characterized by denervation and hypo

activity, the inflammatory response is impaired, 

showing a distinct lack of rubor and a poorer healing 

response than normal (Lewis 1927). In fact, neurolog

ical deficits have been correlated in patients with a 

reduced inflammatory response (Courtright & Kuzell 

1965) (Fig. 3.13). 

Based on the above, in addition to the usual man

ual testing of the musculoskeletal innervated tissues, 

physical examination may also include analysis of the 

inflammatory response. Observation of the colour, 

temperature, sweating and nutrition are part of this. 

However, in extending evaluation to the dynamics 

of blood flow in relation to neuropathy, other clinical 

tests can be performed. Stimulation of innervated tis

sues, such as mechanical stimulation (Lynn & Cotsell 

1992) in the form of scratching the skin 5-10 times 

B. Reduced inf lammation 



with something mildly noxious such as the back of a 

fingernail, can be a part of advanced innervated tissue 

examination. Normally, vasodilation occurs within 

seconds and is usually symmetrical. However, in cases 

of altered inflammation due to neuropathy, the reac

tion time, degree, or extent of redness can be asym

metrical and these changes can be localized to the 

innervation zone of the peripheral nerve or nerve 

root. Vasodilatory responses can exhibit variations as 

the scratching movement is passed across adjacent 

normal and abnormal dermatomes or peripheral 

nerve fields. 

Role of the sympathetic nervous system 
In addition to the C fibres mediating inflammation 

in the innervated tissues, so do sympathetic axons 

in peripheral nerves. This is by way of releasing 

prostaglandins and substances such as noradrenaline 

from the sympathetic terminals (Levine et al 1986; 

Coderre et al 1989). Inflammation in the innervated 

tissues is balanced by sympathetic and C fibre sys

tems. Alterations in function of the sympathetic 

axons can occur with excessive pressure on periph

eral nerves (Lindquist et al 1973) and may affect 

inflammation. 
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Diagnosis of specific 
dysfunctions 



G E N E R A L POINTS 

Matching clinical features with 
specific dysfunctions 

Diagnosis of neuropa thodynamics naturally involves 

a verbal interview a n d physical examina t ion that are 

personalized for the pat ient . Dur ing the appraisal , 

which cont inues t h r o u g h o u t the du ra t ion of m a n 

agement , the pat ient is escorted t h rough a series of 

procedures ranging from diagnost ic ques t ioning to 

physical testing for detection of specific dysfunctions. 

This chapter completes the topic of general p a t h o -

dynamics. In doing so, the diagnostic categories men

t ioned in the previous chapter are repeated, a l though 

this t ime they are ma tched with their respective 

clinical features, wi th the addi t ion of some pat ient 

i l lustrations. 

M E C H A N I C A L INTERFACE 
D Y S F U N C T I O N S 

General features 

Symptoms 
Quality 
In the mild closing dysfunction, the most c o m m o n 

quality of symptom is aching and pains. This is prob

ably because the p rob lem mainly resides in the m u s 

culoskeletal tissues a r o u n d the nervous system and, 

to a lesser extent, the connective tissues of the nervous 

system, and is therefore p redominan t ly nocigenic. 

Neurological and dysaesthetic symptoms are less com

m o n than aches and pains because frank damage and 

malfunction of the axons are not usually present. With 

increasing severity, neurological s y m p t o m s such as 

pins and needles, t ingling and bu rn ing pains become 

more of a problem and probably represent an intensi

fication of the abnormali t ies in the interface as they 

exert their effects on the neural structures. In the most 

severe cases of interface dysfunction, neurological 

s y m p t o m s in the form of n u m b n e s s and weakness of 

muscles also appear. 

Distribution 
The s y m p t o m s of an interface problem occur in the 

d is t r ibut ion of the involved interface and neural 

structures. For instance, in the case of reduced closing, 

a disc bulge may cause discogenic referred pain in 

addi t ion to p roduc ing pain from the related neural 

s t ructure . A poster ior intervertebral joint problem 

that produces irr i tat ion of the ne ighbour ing nerve 

root complex may also p roduce a pain pat tern that 

relates to bo th the joint and the nerve root. 

Behaviour 
Generally, the symptoms of a mechanical interface 

disorder fluctuate with postures and movements that 

increase pressure or tension in the interfacing struc

tures . In m i n o r cases, in which the problem is subtle 

and difficult to detect, the problem might only mani

fest itself as an inability to move into or out of, repeat, 

or hold, a pos ture for sustained periods in a direction 

that closes d o w n or opens a r o u n d the neural s truc

ture in quest ion. It is also possible that movements 

in a closing or open ing direction can be performed 

easily by the patient, but it is just that pain is provoked 

or distal referral of symptoms occurs with such a 

manoeuvre . 

Symptoms and signs of inflammation in the inter

face are frequently present in the interface dysfunc

tion. The associated symptoms can exhibit a circadian 

pattern with increased pain at night and morning 

stiffness and the problem frequently responds to anti

inf lammatory medicat ion. Also, the inflamed struc

tures will show the usual signs of inflammation, such 

as swelling, localized tenderness and loss of function. 

Interestingly, interface disorders can produce 

painful arcs when the nervous system is moved. For 

instance, knee extension in the s lump posit ion can 

p roduce low back pain th rough an arc of, say 

120°-150°. This can indicate that a neural s t ructure 

has come into contact wi th the interface for a short 

period of t ime dur ing the manoeuvre. The structures 

in this case could be a disc bulge or pedicle. However, 

it is impor tan t to realise that painful arcs during a 

neural movement are not pa thognomic of an interface 

problem because this pattern of symptom behaviour 

could also be triggered by a sensitive area in a neural 

s t ructure sliding past an interfacing structure. 

History 
Frequently, the pat ient repor ts a history of injury or 

hosts a pathology, disease process or malfunction in 

the mechanical interface. These can be in the form 

of spondylolisthesis, t r aumat ic ar thr i t is or repetitive 

use in movemen t s and postures that apply pressure 



or tension to the nervous system. Frequently, a p ro 

voking movement , usually in a closing direct ion, has 

been performed habitually or in an unaccus tomed 

fashion pr ior to the onset of symptoms . The symp

toms may also have developed after a recent m i n o r 

injury that produces a localization of forces on the 

interface and neural elements . 

Radio logica l invest igat ion 
Sometimes radiological evidence of pa thology in the 

interface exists. When an association occurs between 

constant or severe neurological symptoms and a clos

ing dysfunction, the possibility of a pa thoana tomica l 

cause rises considerably, and should always be taken 

seriously. 

In the spine, radiological investigations can show 

early degenerative changes that may be associated 

with a sustained presence of instability. In h y p e r m o -

bile people, somet imes a hyperlordosis is apparent 

which would cause the intervertebral foraminae and 

spinal canal to close excessively. In the extremities, 

radiological investigation only occasionally reveals 

relevant abnormali t ies . Ul t rasound scanning of 

the tissues a round the nerves can be performed but , 

even though capable of detecting soft tissue abnor 

malities that relate to neuropathy, u l t rasound can 

be a relatively insensitive procedure in comparison 

with neurodynamic testing. This is because pathology 

can be found at surgery when the ul t rasound scan 

is negative and neurodynamic tests are abnormal 

(Shaddock 1996). 

Physical f i nd ings 
Active movements and protective deformity 
The pat ient may show an inability to move in direc

t ions related to opening or closing. Such dysfunctions 

can be generalized, extending over m a n y joints , or 

they may be quite localized to a spinal level or one 

per ipheral joint or muscle. In some of the m o r e 

severe cases, a protective deformity can be observed. 

The dis tor t ion is in the direct ion of reduced closing 

or open ing , depend ing on the pa thodynamics . In 

the right patient, it can be impor tan t to correct the 

deformity manual ly so that its role in the p rob lem 

can be established. It is also useful in some instances 

to per form the corrective technique in a posi t ion in 

which the deformity is mos t accentuated. Changes 

in pain associated wi th such corrective procedures 

indicate the significance of the deformity. 

Manual testing 
Several possibilities in relation to manua l test ing of 

the mechanical interface can occur wi th an interface 

dysfunction. In t e rms of abnormal i t ies related to 

passive m o v e m e n t and palpat ion, the chief findings 

are altered pain p roduc t ion (mechanical allodynia 

and hyperalgesia), thickening of soft tissues including 

muscles, stiffness or even hypermobil i ty and instabil

ity. Frequently, increased resistance to passive move

m e n t in a closing or open ing direct ion is apparent . 

The pattern of findings with manual examination will 

depend on whether the dysfunction is one of reduced 

or increased opening or closing, which is covered later 

in this section. 

In interface dysfunctions generally, there exists a 

con t inuum of responses that ranges from a sensitive 

or more irritable problem to a relatively insensitive 

and non-irr i table one (see Maitland 1986). The symp

toms of a highly sensitive problem are easily repro

duced with interface manoeuvres . In this case, it is 

necessary to limit the performance of physical tests for 



safety reasons. In problems of modera te sensitivity, the 

patient's symptoms are not as easily reproduced and 

physical testing is less limited than in the first instance. 

In the least sensitive problem characterized by only 

subtle changes, slight abnormalit ies in function and 

sensitivity in the interface and nervous system may be 

the only physical findings. This may necessitate a more 

extensive manua l examination and can involve com

bining movements of both neural and musculoskele

tal systems. Neurodynamic sequencing becomes a key 

aspect in diagnosis of this type of problem. 

Palpation 
Palpat ion is an essential aspect of differentiating 

between interface and neural c o m p o n e n t s . In the 

interface dysfunction, pa lpa t ion of the interface fre

quently reveals more in the way of abnormali t ies than 

palpation of the local nerves, even though bo th com

ponents can be symptomat ic . The interfacing s t ruc

tures, if in the l imbs, are frequently more thickened, 

swollen or tender than the neighbouring nerves. In 

the spine, the offending s t ruc ture and spinal level 

can often be detected wi th palpat ion and passive 

movemen t s . 

Neurodynamic testing 
In cases of mi ld to m o d e r a t e severity, abnormal i t ies 

in the n e u r o d y n a m i c tests tend to be less significant 

t h a n abnormal i t ies in the interface. However, in 

cases of a severe interface p rob lem, neu rodynamic 

tests may be profoundly abnorma l , in which case a 

pa thoanatomica l basis for the problem should always 

be suspected. In cases of obscure or subtle changes 

in neu rodynamic tests, al terat ions in sequencing can 

be used to detect the elusive pa thodynamics . 

Neurological examination 
Frequently, the mild and mode ra t e interface dys

functions produce noth ing in the way of neurological 

changes because the forces on the nervous system 

are only in termi t ten t and the neurological examin

ation is usually performed in a position in which the 

interface is not pressing on the nervous system. 

Neurological changes are usually only detected in the 

severe interface dysfunction, in which case, the clin

ician should consider the possibility of a pa thoanatom

ical cause and exercise caution. 

1. Closing dysfunctions 

A. Reduced closing 
Symptoms and their behaviour 
The key behavioural aspect of the reduced closing 

dysfunction is that the symptoms increase with clos

ing movemen t s . 

History 
Frequently a history of an injury to the interface 

exists. The consequent inf lammat ion and b iome-

chanical changes then exert effects on the neural elem

ents. Alternatively, a habitual activity that involves 

closing may provoke neural symptoms and will need 

rectifying. Movements that involve a repeated clos

ing act ion, such as squeezing dur ing gr ipping as part 

of being on a factory p roduc t ion line or weeding the 

garden are c o m m o n examples. The prona tor or 

sup ina tor muscles as they compress their respective 

nerves would be implicated in this scenario. By the 

t ime the therapist encounters the problem, the clos

ing is reduced by pain avoidance. 

Radiological investigation 
An a n o m a l o u s musculoskeletal system may be pres

ent, such as a na r row trefoil spinal canal or a shallow 

trochlea for the ulnar nerve. Even though pathology 

in the interface can exist, pat ients with neurogenic 

pain do not always undergo radiological investigation. 

The incidence of symptomat ic interface pathologies 

may be higher than supposed. 

Physical findings 
Posture 

In acute and severe disorders caused by a reduced 

closing dysfunction, a protective deformity is fre

quently apparent. The deformity is always in the open

ing direct ion so as to reduce pressure on the adjacent 

neural s t ructure . Accordingly, a spinal manifestation 

of the reduced closing dysfunction is a contralateral 

list. If the list is relevant to the current problem, man

ual correction will increase the patient's symptoms. 

Active movements 

In the reduced closing dysfunction, active movements 

reveal reduced range of mo t ion in the closing direc

t ion. In the spine, these movement s naturally consist 

of extension, ipsilateral lateral flexion and, to a lesser 

extent, ipsilateral rotat ion. In the limbs, closing is 



influenced by the location of the nerve relative to the 

joint axis and behaviour of the ne ighbour ing joint , 

muscles and tendons . Two closing movemen t s for 

carpal tunne l syndrome would be wrist f lexion or 

active finger flexion. A closing movemen t for the 

posterior interosseous nerve would be active supin

ation, which applies pressure to the nerve by cont rac

tion of the supinator muscle. Prona t ion would also 

constitute a closing movemen t for the nerve, bu t it 

would achieve this th rough stretching supinator . For 

a review of biomechanics , see Chapter 2. 

Manual testing 

In the mild dysfunction, it is possible that the only 

conclusive abnormal i ty to exist in the interface is 

reduced active or passive segmental movement in the 

closing direction. Even in the disorder of modera te 

severity, passive tests do not usually reproduce the 

patient 's entire constellation of symptoms . However, 

it is somet imes possible to elicit t hem when an inter

face test is combined with a neu rodynamic test, for 

instance in a lumbar problem, passive ipsilateral lat

eral flexion at the same t ime as per forming a straight 

leg raise. In cases in which the dysfunction is more 

apparent, the restriction of closing movements is 

easily detectable and can reproduce the patient 's 

symptoms, or at least evoke s y m p t o m s that bear 

some relationship to the problem. 



B. Excessive c losing 
Symptoms and their behaviour 
S y m p t o m s of the excessive closing disorder are 

provoked by closing movemen t s . However, the dif

ference be tween this dysfunction a n d the reduced 

closing disorder is that the a m o u n t of closing is 

excessive. Hence, e lements of hypermobil i ty, instabil

ity or habi tual closing exist. A c o m m o n form of this 

p rob lem is the hyper lordot ic l u m b a r spine in which 

backache increases wi th s tanding, walking and r u n 

n ing activities. The patient 's abdomina l and gluteal 

muscles do no t adequately keep the l u m b a r spine in 

a neut ra l posi t ion. This can exert undesirable forces 

on the neura l e lements a t the spinal canal and inter

vertebral foraminae. Ano the r example is when the 

ma in t enance of a flexed elbow for too long a t ime 

d u r i n g sleep provokes the s y m p t o m s of cubital t u n 

nel syndrome . Even t h o u g h the u lnar nerve may be 

n o r m a l and is subjected to n o r m a l force (elbow flex

ion is a n o r m a l m o v e m e n t ) , the nerve is compressed 

for an undesirable dura t ion . This is a p rob lem of 

excessive closing along temporal lines and can be easily 

treated. 

In cases of musculoskeletal instability, the nerves 

m a y be subjected to excessive force and will need 

protect ing. An example of this is per i lunate instabil

ity in which, in the presence of a positive Watson's 

test, the m e d i a n nerve may be subjected to excessive 

force induced by bony movemen t . 

Physical findings 
Active movements and posture 

Analysis of pos ture and functional movements 

can reveal tha t the neutra l zone used by the pat ient 

is biased toward the closing posi t ion. This results 

in m o r e sustained or repeated closing movements 

compared wi th normal . Again, the hyperlordotic 

l umbar spine will show an increased lumbar lor

dosis in the s tanding posi t ion and active posterior 

and anter ior pelvic rota t ion will be unequal 

(Fig. 4.1). 

In general, even t h o u g h a relative discrepancy 

between opening and closing movements can exist, 

w h e n these movemen t s are examined in isolation, 

they can appear qui te normal . If these movements 

are no rma l , habi tual use in the closing direction and 

hypersensitivity of the local structures due to mechan

ical i r r i ta t ion should be suspected. If active move

m e n t reveals greater than normal closing movement , 

instability may be a possible cause, particularly if the 

increased m o v e m e n t is well localized and related to 

previous t r a u m a or a disease process such as arthritis 

or ar throsis . 

Manual testing 

Manua l testing of movemen t segments in the 

excessive closing dysfunction often reveals no physi

cal abnormal i ty or can show excessive segmental 

movemen t . 

History 
In the excessive closing dysfunction, a h is tory of 

habi tual use of the b o d y or pos tura l imperfect ion is 

c o m m o n . This relates to h o w the person uses and 

moves their b o d y dur ing daily activities. I t could be 

tha t the b o d y is actually n o r m a l s tructural ly bu t is 

be ing moved inappropriately, such tha t neura l irri

ta t ion occurs . Somet imes a his tory of t r a u m a and 

features of instability are present also. 

Palpation 

Palpat ion of the segments related to this dysfunction 

often reveals localized tenderness and slight protect

ive muscle cont rac t ion . The palpated structures can 

also appear to be quite n o r m a l in the event that they 

are no t part icularly irri tated. 

Neurodynamic testing 

Neurodynamic tests in the excessive closing dysfunc

t ion are frequently normal or only slightly abnormal. 

This is probably because the p rob lem is usually one 

of t ransient mechanical i rr i tat ion rather than frank 

compress ion or pa thology and the neural s tructures 

are no t u n d e r any great strain at the t ime of testing. 

Somet imes it is necessary to modify the neurody

namic sequence and incorporate interface and neural 

testing simultaneously to detect covert pathodynamics 

in the nervous system. 



2. Opening dysfunctions 

A. Reduced open ing 
Subjective findings 
Symptoms and their behaviour 

The symptoms of a reduced opening dysfunction 

are usually aches and pains that are local and may 

occur with or wi thout referred pain. Open ing move

ments provoke the patient 's symp toms and are usu

ally restricted. 

History 

Frequently, a history of t r a u m a exists in which the 

patient has been forced into an opening position. The 

body then compensates dur ing the healing process 

to produce inflammation and muscular bracing, such 

that opening movements are reduced to avoid further 

provocation. As far as o ther causes are concerned, an 

activity that produces habitual opening movemen t s 

can also be a s t imulus for this dysfunction by p ro 

ducing mechanical i rr i tat ion. 

As an example in the spine, the neck could be 

forced into contralateral lateral flexion dur ing an 

event such as a vehicle accident in which the side of 

the patient 's car collides with a cliff or tree whilst 

sliding off the road. Here, the head would cont inue 

moving sideways whilst the body decelerates, p ro 

ducing forced lateral flexion. 

Physical findings 
Protective deformity and posture 

In cases involving the spine, the reduced opening dys

function can produce a protective deformity of ipsilat

eral listing. This is the opposite to a reduced closing 

dysfunction, which, as ment ioned, can produce a 

deformity in the contralateral direction. Like other 

deformities, those of the reduced opening dysfunction 

can extend over many levels or it may be localized to 

a specific segment. The deformity is specifically 

designed to reduce tension in the interfacing and neu

ral tissues. The reduced opening problem can also be 

one of traction on the neural structures and links to 

whether they are hypersensitive due to injury or 

mechanical irritation. Hence, one could say that a ten

sion componen t can exist with these disorders which 

makes use of the term 'tension dysfunction' appealing. 

This would depend on which component , interface or 

neural, dominates the clinical picture. In the most 

severe cases, ipsilateral listing is often accompanied by 

other compensatory movements such as elevation of 

the scapula in the case of cervicobrachialgia or hitch

ing and external rotation of the hip dur ing the straight 

leg raise in lumbar disorders. 

Manual testing 

Manual testing of the mechanical interface with pas

sive physiological a n d accessory movemen t s reveals 



reduced opening . Somet imes these movemen t s 

reproduce the patient 's symp toms . However, since 

the pat ient is often in a non-weigh t bear ing posi t ion 

dur ing testing, the only physical sign here may be 

loss of movemen t . 

Palpation 

Palpation in the reduced open ing dysfunction often 

reveals changes in the interfacing structures. These 

changes come in the form of tenderness, muscle tight

ness and local thickening. The key point is that, for the 

problem to be one of reduced interface opening, the 

changes on palpation mus t be in the tissues whose 

function is to limit opening movements . For instance, 

in the lumbar spine, reduced opening of L4-S1 seg

ments may be accompanied by tenderness and tight

ness of the ipsilateral erector spinae muscles because 

they limit contralateral lateral flexion in a manner that 

protects the neural e lements . 

Neurodynamic tests 

Neurodynamic tests are m o r e likely to be abnorma l 

in the reduced closing problem than many other types 

of interface dysfunction. This is because, open ing 

often increases tension in the neural tissues and, if 

they are sensitized, may be provoked by open ing 

movemen t s and postures . Hence , the reduced open

ing dysfunction often houses a neura l c o m p o n e n t . 



B. Excessive open ing 
Subjective findings 
Symptoms and their behaviour 

In m a n y respects, the s y m p t o m s of an excessive 

opening dysfunction are similar in kind to all the 

other interface dysfunctions. They consist of aching 

and pains, often in the region of the s t ruc ture in 

quest ion and can p roduce referred pain. Symptoms 

are provoked by open ing movemen t s , at least part ly 

because the movemen t s p roduce increased tension 

in the musculoskeletal and neural tissues. The p r o b 

lem often has aspects of hypermobil i ty, inappropr i 

ate use or excessive postures . Dysaesthesiae, p ins and 

needles and numbness can occur with this dysfunc

t ion, bu t they tend to be less c o m m o n than in the 

closing dysfunctions. The s y m p t o m s are usually 

in termi t ten t and are dependen t on what provoking 

movemen t s are per formed by the patient . I t is com

m o n for the neural c o m p o n e n t to be ra ther subtle 

with this dysfunction. Detailed physical examina

t ion that incorporates different sequencing op t ions 

is often war ran ted . 

History 

The excessive closing dysfunction can generally be 

divided into two types. The first involves t raumat ic 

stretch of the neural and musculoskeletal tissues in 

an opening direction. This produces inf lammation 

and hypersensitivity. The second type involves habit

ual or inappropria te use and is sometimes associated 

with hypermobil i ty or instability in the opening 

direction. The patient may no t repor t a part icular 

history of injury. 

Physical findings 
Protective deformity and posture 

By definition, no protective deformity in the opening 

direction occurs wi th this disorder. O p e n i n g move

ments are instead increased, since this is what causes 

the p rob lem. The neck is a c o m m o n region for this 

to occur whereby contralateral lateral flexion a n d 



ro ta t ion are hypermobi le and place strain on the 

brachial plexus. Somet imes , the pat ient is a thin 

female with a neck that has the appearance of being 

long d u e to low riding shoulders and hypoactive 

upper t rapezius muscles. 

Manual testing 

Manual testing in the form of passive physiological 

and accessory movements shows plenty of movement 

generally and, hypermobili ty in the opening direction. 

In the extremities, the excessive opening disorder may 

occur in condi t ions such as recurrent sprained ankle 

and o ther hypermobi l i ty syndromes . 

Palpation 

Tenderness over specific irritated sites is often present. 

This is because the hypermobil i ty produces mechan

ical i rr i tat ion of the relevant s t ructures . The tender

ness in these pat ients is frequently along the joint 

line, whether the problem is in the spine or extrem

ities. In any case, the tenderness is usually localized to 

the specific sites of irritation. Palpation of the nerves 

can reveal tenderness along their course from the site 

of i rr i tat ion. 

Neurodynamic tests 

Neurodynamic tests in this dysfunction are often nor

mal or only show subtle abnormalities. This is where 

it can be impor tant to modify the neurodynamic 

sequencing so as to test the interface and neural system 

at the same t ime (level/type 3c testing, see Chapter 6). 

3. Pathoanatomical dysfunction 

Pathology as a cause of neuropa thodynamics war

rants specific a t tent ion for several reasons. 

1. Anatomical abnormal i t ies in the musculoskeletal 

and nervous systems can produce movement -

evoked pain, which is of part icular impor tance to 

the therapist . 

2. Detect ion and appropr ia te t rea tment of patients 

with pathologies mus t be instigated as early as 

possible. 



3. The presence of pathology can at t imes indicate a 

poor prognosis or give rise to the potent ial for 

h a r m with manua l t rea tment . Consequently, i t is 

always impor t an t that the clinician come to an 

unders tanding of the basis for the n e u r o p a t h o -

dynamics (Elvey 1998). 

A typical illustration of the pathoanatomical diagnos

tic category is that of ulnar neuritis that produces an 

abnormal response to the neurodynamic test for the 

ulnar nerve. Problems in nerves generally can be pro

duced by a large number of pathologies, some of 

which include anomalous tendons, scar tissue across 

the nerve and ganglia prot ruding from the neighbour

ing joint, or even a Pancoast t u m o u r (Shaddock 1996; 

Elvey 1998). The spinal equivalent of such a problem 

would be a disc bulge, swollen or degenerative pos

terior intervertebral joint , stenosis or a spondylolis

thesis that causes instability and neural i rr i tat ion. 

Also, the possibility of more sinister pathologies, such 

as haematomas, meningiomas bony disorders and 

malignancy must always be kept in mind. 

Subject ive features 
Symptoms 
Quality 

The symptoms of pa thoana tomica l origin vary 

widely and will be influenced by, among other biopsy-

chosocial factors, the s t ructure in which the pa th 

ology is situated. The symptoms typically have aching 

and paining qualities and can be associated with 

dysaesthesiae, paraesthesiae and loss of sensation. It 

is crucial that the reader unders tand that the quality 

of symptoms will not necessarily offer anything valu

able about whether pathology is their cause. The 

whole clinical picture must be weighed up before key 

clinical decisions are made . 

Distribution 
The distr ibution of symptoms with a p a t h o a n a t o m 

ical problem does not usually differ from that of any 

other interface or neural p rob lem because the noci -

genic mechanisms involved are c o m m o n to all groups 

of dysfunctions. However, one difference is that some

times pathologies such as mal ignancy and amyot ro 

phy produce more diffuse neurological changes. 

Widespread neurological signs should therefore make 

the clinician suspicious of pathology. An excellent 

book on pathological causes of neuromusculoskeletal 

pain is that wri t ten by Boissonnaul t (1994). 

Behaviour 
The symptoms of a pa thoana tomica l p rob lem are 

often provoked by the same events as o ther interface 

dysfunctions, depend ing on which s t ruc ture is 

affected and which dysfunction category it occupies. 

This makes i t difficult to discern whether the symp

toms are caused by pa thology as opposed to benign 

dysfunction. However, symp toms wi th a pa thologi 

cal disorder can be recalcitrant, progressive or 

unremi t t ing , and somet imes bear little re lat ionship 

to m o v e m e n t a n d pos tures , for instance, spinal 

malignancy. 

History 
The history with the pa thoana tomica l dysfunction is 

often one of insidious and progressive onset of symp

toms with no mechanical trigger, or the trigger might 

have been qui te innocuous , such that the p rob lem is 

merely ' t ipped over the edge'. Asking abou t the 

patient 's general health, medical his tory and medical 

tests is crucial in implicat ing the pa thoana tomica l 

disorder. If medical evaluation has no t been a d m i n 

istered, it is i m p o r t a n t that the pat ient be referred to 

a doctor for evaluation. Fur thermore , lack of improve

ment is a warn ing that a pathological p rob lem migh t 

be the basis for the symptoms . 

4. Pathophysiological dysfunction 

Symptoms and their behav iour 
The pathophysiological interface type of p rob lem 

relates closely to all the o ther categories of interface 

dysfunction because mechanical disorders generally 

relate to the physiology of the musculoskeletal system. 

For instance, an injury to, or a dysfunction in, a 

musculoskeletal s t ructure can p roduce changes in its 

physiology by way of in f lammat ion initially and, in 

the longer te rm, a degenerative process. 

In relation to inf lammat ion , pain is the key symp

tom. O n e of the behavioural aspects of the inflam

mato ry disorder is a circadian pa t te rn of pain. Night 

pain or m o r n i n g stiffness indicates that inf lamma

t ion may be present . Also, pain that worsens du r ing 

or after rest is very c o m m o n and it is eased with gen

tle repeated movement . Being chemical in nature , the 

pain can also be cont inuous , even though it may vary 

with movements , pos tures and t ime of day. 

In relation to degenerat ion, pain tends to be p ro 

voked wi th m o v e m e n t and sustained postures a n d 



does no t worsen at n ight or wi th rest. Instead, rest 

eases the pain of degenerat ion. 

History 
Frequently, there is a h is tory of pr ior injury or p r o 

longed mechanical dysfunction. There may also be 

radiological evidence of a pathological interface with 

conditions such as, narrowed spaces, bulges or swollen 

joints . Somet imes a rheumatological p rob lem exists 

in which inflamed musculoskeletal s t ructures have 

an impac t on the nervous system. Carpal t unne l syn

d r o m e is such a condi t ion in which rheuma to id dis

ease p roduces swollen t e n d o n sheaths tha t in t u r n 

apply pressure on the m e d i a n nerve at the wrist. 

Physical examina t ion 
Examina t ion of the interface reveals changes that 

wou ld be compat ib le wi th pathophysiology. Tender

ness, loss of movemen t , thickening, swelling and 

somet imes reproduc t ion of pain can be features of 

this p rob lem. The examina t ion f indings will ma tch 

those of the specific interface dysfunctions, as 

described above. 

Neurodynamic tests in the pathophysiological 

problem can be deceptive. Sometimes the pathophysi

ological problem can produce genuine changes in 

neurodynamics and these are expressed in the neuro

dynamic testing. A problem is that because inflamma

tory problems can produce central sensitization, false 

positive results can occur with neurodynamic tests. 

NEURAL DYSFUNCTIONS 

1. Neural sliding dysfunction 

On some occasions, it is possible to ascertain whether 

neuropathodynamics exist in relation to excursion of 

a nerve or whether it is hypersensitive to sliding. This 

is particularly easy to achieve in the case of the super

ficial peroneal nerve as it passes subcutaneously over 

the dorsum of the ankle and slides transversely with 

foot movements . In cases of sprained ankle, the nerve 

can show abnormal responses to its neurodynamic 

test (Mauhar t 1989), and I have also observed its 

movement to be reduced. In the patients that I have 

observed this to be the case, the cause of reduced nerve 

excursion was scarring over the ankle joint from 

a severe inflammatory response. Another cause of 

impaired sliding that I have observed clinically, is that 

of the young m a n who fell through a glass sliding 

door. In the process of passing through the breaking 

glass, a large fragment cut into the medial aspect of his 

arm, completely severing his ulnar nerve. It was surgi

cally repaired and he was referred to physiotherapy. 

On examination, the scar that connected the skin to 

the nerve could be seen to be pulled distally and prox-

imally with sliding techniques for the ulnar nerve. 

Symptoms and their behav iour 
It is likely that the symptoms of the neural sliding dys

function consist of aches and pains at the site of the 



problem and possibly along the course of the nerve. 

This is because the place of tethering is likely to be a 

point of peak stress in the neural and neighbour ing 

tissues. The symptoms along the line of the neural 

tract are likely to correlate with a spread of stress and 

strain along the nerve. The distance along the nerve 

tract passed by the symptoms would be influenced by 

the degree of fixation, spread of pathodynamics and 

the sensitivity of the neural structure. 

If the symptoms are isolated to tethering a round 

the neural structure, theoretically, they will be inter

mittent and mechanically evoked, particularly by 

movements that produce stress at the tethered site. Of 

course, sliding techniques for the neural structure may 

evoke symptoms and so may tension based tech

niques, depending on the local dynamics. Dysaesthetic 

and paraesthetic symptoms can also occur with the 

neural sliding dysfunction. 

History 
Patients with the neural sliding dysfunction may 

have a history of an interface dysfunction, as m e n 

tioned earlier. There might also be a history that sug

gests that tethering between the interface and neural 

system has occurred, such as that involving repetitive 

movements and a subsequent inf lammatory reaction 

accompanied by acute pain and loss of movement . 

Physical f ind ings 
Neurodynamic tests 
Neurodynamic tests show specific abnormal i t ies 

that have in the past mystified clinicians. The key 

event is that , in a neurodynamic posi t ion, the addi

t ion of a further neu rodynamic m o v e m e n t produces 

a reduct ion in symptoms . In i l lustrating this point , 

several clinical examples are noteworthy: 

Palpation 
The involved neura l s t ruc ture is often sensitive along 

a po r t i on of its length, s tar t ing from the po in t of fix

a t ion and spreading proximally a n d distally from 

this po in t . Palpat ion can also be used to test lateral 

movemen t in the nerves and, in those tha t are acces

sible, somet imes this lateral m o v e m e n t can be palpa

bly and visibly reduced. Somet imes tissue changes in 

and a r o u n d the nerve can be detected and these are 

in the form of swelling and thickening. 

2. Neural tension dysfunction 

Symptoms and their behav iour 
The neural tension dysfunction can produce a constel

lation of symptoms that range from aches and pains to 

pins and needles and dysaesthesiae. Effectively the 

problem is one of lack of elongation of the neural 

structure or increased sensitivity to tension dur ing 

daily movements . Stretching out a l imb or reaching 

are often problematic, whereas sliding movements 

tend to be less of a problem. 

Physical examina t ion 
Active and passive movements 
Active and passive movemen t s reveal loss of range of 

m o t i o n when the nerve is under tension. This po in t 

is impor t an t because, w h e n the nerve is no t u n d e r 



tension, m o v e m e n t of related joints and muscles 

normalizes . 

Neurodynamic tests 
Neurodynamic tests show reduced range of m o t i o n 

c o m p a r e d wi th the patient 's n o r m a l and they often 

reproduce the patient 's s y m p t o m s or at least p ro 

duce subtle abnormal i t ies in the form of the covert 

a b n o r m a l response (discussed in Chap te r 5) . The 

reason that the neu rodynamic tests are m o r e likely 

to be a b n o r m a l in the case of the tension dysfunc

t ion than the hypomobi l i ty dysfunction is that ten

sion is the p r i m a r y mechan i sm of the s tandard tests. 

Impa i rmen t s in tension function of the nervous 

system can therefore be readily detected. 

Palpation 
Palpation often reveals tenderness along the line of the 

neural structure. This is probably because tension also 

operates along the neural tract and mechanical irrita

tion due to overstress could produce diffuse changes. 

3. Hypermobility - nerve instability 

Symptoms and their behav iour 
As ment ioned earlier, nerve hypermobili ty can occur. 

It is manifested as a clicking nerve as the l imb is taken 

th rough an arc of movemen t . The clicking is usually 

dull and does not sound like the high pitched articular 

'snap'. Instead, it tends to be qui te dull and is often 

only heard by the patient . If symptomat ic , the click 

can be accompan ied by local pain or discomfort . 

In m o r e severe cases, pins and needles can occur 

momen ta r i l y in the d is t r ibut ion of the nerve. 

The mos t c o m m o n example of the hypermobil i ty/ 

instability dysfunction is the clicking u lnar nerve, 

which occurs du r ing elbow f lexion/extens ion . W h e n 

tension in the nerve is taken up from remote sites, 

the clicking can accentuate. The nerve can become 

inflamed (e.g. u lnar neuri t is) wi th repetitive move

men t s . The clicking nerve can also occur in the 

carpal tunne l when pat ients occasionally say that a 

twang occurs in their wrist as they perform a gr ip

ping act ion. This can occur in the course of activities 

such as weeding the garden. Pins and needles shoot 

momen ta r i l y into the first three digits du r ing this 

event. Patients somet imes describe it as a 'zap in the 

fingers'. The same can occur wi th the sciatic nerve 

with hams t r i ng cont rac t ion . Here , a click occurs and 

s y m p t o m s shoot d o w n the leg. 

Physical examina t ion 
Neurodynamic tests 
Neurodynamic tests can be normal or abnormal . The 

tests are more likely to be abnormal if the nerve is 

sensitized. If tests do show abnormali t ies, they tend 

to produce only the covert abnormal response rather 

than an overt one (discussed in Chapter 5). Hence, 

the deviations from normal are usually rather subtle. 

If the nerve is not sensitized, neurodynamic tests are 

usually no rma l because noth ing in particular reduces 

movemen t of the nerve. 

Palpation 
W h e n the nerve is accessible, the j umping of the 

nerve can sometimes be palpated and even seen under 

the skin. 

Neurological examination 
Usually neurological examinat ion is normal . How

ever, if the nerve shows reduced conduct ion , surgical 

intervention may be necessary. This is if therapy that 

is designed to reduce movement of the nerve is 

unsuccessful. 

4. Pathoanatomical dysfunction 

Symptoms and their behaviour 
The symptoms of a pa thoanatomica l dysfunction in 

the nervous system tend toward pain, dysaesthesia, 

paraesthesia and neurological impai rment . This is 

because the problem usually invades intraneural 

s t ructures such as axons, b lood vessels and nocicep

tors. Pa thoanatomical problems in the nervous 

system produce persistent symptoms that, in the long 

te rm, do no t respond well to therapy, even though 

t e m p o r a r y relief of symptoms can somet imes occur. 

The symptoms of pa thoana tomy can be provoked 

and eased with movemen t but they also often 

develop a constancy and persistence that are not as 

c o m m o n in m o r e benign condi t ions . Persistent 

paraesthesia, loss of sensation, and m o t o r weakness 

are key symptoms that should raise concern. 

Physical examinat ion 
Neurodynamic tests 
Even though pathology is present with the neural 

dysfunction, responses to neurodynamic tests can vary 

from being quite abno rma l to appear ing normal . 



This is probably related to physiology of the problem 

and pain mechanisms, which are entirely variable 

between individuals. I suspect that a neuropa tho logy 

that results in a reduct ion in sensitivity in the nerves 

would produce less in the way of neu rodynamic tests 

abnormali t ies . The pathology that p roduces hyper

sensitivity in the nerves is m o r e likely to p roduce 

abnormali t ies in neurodynamic testing. In any case, 

the neurodynamic tests should be per formed appro 

priately so that their relat ionship to the pa thology 

can be unders tood. 

Palpation 
Palpation may reveal a sensitive nerve bu t it is unlikely 

to detect the pathology unless the nerve is very acces

sible and the changes in the nerve are ra ther gross. 

A large Schwannoma in the radial sensory nerve 

would fall into this ca tegory 

Neurological examination 
Neurological examinat ion can reveal abnormal i t ies 

for the reason that the pathology is often located 

inside the neural s t ructure and is in a good posi t ion 

to impair conduct ion . 

5. Pathophysiological dysfunction 

Overv iew 
A reason for including pathophysiological mecha

nisms of the nervous system in clinical reasoning is 

that they form an impor tan t par t of what is wrong in 

the patient. However, a difficulty in interpreting their 

relevance is that they are not always specific to the 

mechanical problem. An example of this is the fact 

that over stretching a peripheral nerve, to the point of 

slight failure of the epineur ium, will produce m a n y 

changes in physiology that will also occur with other 

kinds of mechanical insult. Over stretch produces 

rupture of connective tissue, intraneural oedema 

and inflammation, mechanosensitivity and scarring 

(Denny-Brown & Doher ty 1945; Sunderland 1981). 

Just like a patient whose p r imary mechanism is com

pression, a patient with this neuropathy may find it 

painful to move. Moderate compression can also cause 

intraneural oedema, inflammation and mechanosen

sitivity and movement evoked pain and paraesthesiae. 

For therapeutic purposes, it is therefore vitally impor

tant that hypothesized changes in physiology be 

placed in the context of mechanical dysfunctions. 

Hence, a compressive problem might be diagnosed as 

a closing dysfunction that produces various changes in 

physiology in the nervous system. Then the likely 

changes in physiology would be used by the clinician 

for the purpose of evaluating the effects of t reatment . 

Another reason for including pathophysiology is 

that a p r imary event in this domain might be respon

sible for symptoms, bu t the problem may no t have any 

relationship to abnormali ty in mechanical function. 

The diabetic nerve whose neurodynamic tests and pal

pat ion findings are normal is a good illustration of this 

statement. Another example is the patient who under

goes a neural compression injury that is instantaneous 

and short-lived. Instead of an interface dysfunction 

persisting, the problem may have only been an isolated 

incident in which the interface resumes normal func

tion. Yet another alternative is one in which the patient 

experiences a back injury in the direction of flexion, 

after which nerve root pain persists. It is possible that 

the nerve root remains inflamed long after the muscu

loskeletal componen t has resolved. 

The key elements of pathophysiology to consider 

in relation to mechanical dysfunctions are presented 

in Chapter 3. However, a couple of examples of how to 

include physiology in clinical reasoning are as follows. 



Mechanosensi t iv i ty 
This is a key mechan i sm in clinical neurodynamics 

because, i t is the m e a n s by which the nervous system 

can be a source of pa in wi th movemen t . It is also a 

good yardstick for pathophysiological changes to be 

m o n i t o r e d in order to judge progress. 

Int raneural pressure and b lood f l ow 

1. Motor control dysfunctions 

A. Protective dysfunct ion 
The key feature of the protective m o t o r control dys

function is that the altered muscle activity occurs in 

a pa t te rn that protects a specific neural s tructure. 

Hence, diagnosis involves examination of the nervous 

system, in such a way as to de te rmine which neural 

structure is at fault, and the musculoskeletal structures 

that protect neural structure. The findings of increased 

muscle cont rac t ion and resistance to movemen t in 

the muscles that offer a protective role would then 

be compared wi th those that would not . In effect, 

b o t h the musculoskeletal and nervous systems are 

examined to establish if a pathodynamic link between 

the two exists. In the process of investigating such 

interact ions, the clinician also ascertains whether 

the muscles currently function in a protective fashion 

by testing them independently of neural tension, then 

in a posit ion that applies tension to the nerves to see if 

any change in muscle function between the two posi

t ions occurs. In the protective dysfunction, the activ

ity in the protective muscles will be greater in the 

neurodynamic position. Even though this phenome

n o n is normal , it will be seen by the clinician that the 

relevant muscles are excessively active in the abnor

mal situation with bilateral comparison and knowl

edge of normal and opt imal function. Fur thermore, 

in the event that they are significant, their activity will 

correlate with product ion of relevant symptoms. 

INNERVATED T ISSUE 
DYSFUNCTIONS 



B. Muscle imbalance dysfunct ion 
I t is no t my in tent ion to discuss muscle imbalance 

comprehensively. At this point , the principal concern 

is to establish whether a relat ionship exists between 

muscle imbalance and altered neurodynamics . There

fore, one of the essential aspects in physical exami

nat ion is to test the nervous and muscular systems 

with respect to one another . 

An example of the above is to test whe the r a weak 

lower t rapezius muscle is weaker in the presence of a 

neu rodynamic test. In this case, cont rac t ion of the 

lower t rapezius muscle would be per formed whilst 

the upper l imb is held in a n e u r o d y n a m i c posi t ion 

that is relevant to the patient problem, such as shoulder 

pain wi th serving at tennis . Whilst the shoulder is 

held in the serving posit ion nomina ted by the patient, 



the e lbow wrist and f ingers may be s t ra ightened to 

the end poin t of the neu rodynamic test for the 

brachial plexus. The lower trapezius muscle is then 

contracted actively and its function observed. If the 

cont rac t ion changes wi th appl icat ion of neurody

namic positioning, a relationship with neurodynamics 

exists. This can be compared with the opposi te side 

and even e lect romyographic readings can be taken. 

In addi t ion, relaxation of the upper trapezius muscle 

could also be performed to see if this has an impact on 

the response to the neu rodynamic test. Contra la tera l 

lateral flexion could also be added to sensitize the 

neural c o m p o n e n t (Fig. 4.4). 

Clearly, m a n y opt ions are available for assessment 

and t r ea tment of m o t o r control p rob lems when they 

interact with abnormal i t ies in neurodynamics . 

C. Loca l ized hyperact iv i ty 
dysfunct ion - al ias t r igger point 
Although it does no t always, I believe that the local

ized trigger po in t dysfunction can at t imes occur as 

a result of neu ropa thodynamics , as explained in 

Chapte r 3. W h e n this is the case, the key goal is to 

establish if a match exists in the location of the muscle 

in which the trigger po in t is affected wi th the neural 

s t ruc ture that innervates the muscle. For instance, a 

trigger po in t migh t be present in the rectus capitus 

muscles in the case of headache. For the localized 

hyperactivity dysfunction to be present, this trigger 

point must relate to tenderness in the greater occipital 

nerve and possibly abnormali ty in the upper cervical 

s lump test (see Chapter 9). Another example would 

be the presence of a trigger point in the calf muscle in 

the presence of an S1 radiculopathy. Patients in w h o m 

a trigger point interacts with a neurodynamic prob

lem will at t imes need simultaneous t reatment of the 

neural and muscle components . 

D. Muscle hypoact iv i ty 
Muscle hypoactivi ty can have a n u m b e r of causes. It 

could be driven by central m o t o r control changes in 

the presence of pain. In this case, the problem would 

fit in the muscle imbalance dysfunction category. 

Ano the r cause is neurological deficit from neu

ropathology, t rea tment of which is not covered in 

this book. 

A part icularly relevant type of muscle hypoactiv

ity is that caused by t ransient abnormali t ies in 

neurodynamics . In some of these cases, it may 

be necessary to sensitize the system by performing a 

neurodynamic test immediately prior to muscle test

ing. In the event that this reveals a muscle hypoactivity, 

i t may be appropr ia te to treat th rough neurodynam

ics, on the proviso that the basis for the hypoactivity 

is well unde r s tood by the therapist and it is safe 

to do so. 

2. Inflammation dysfunction 

A. Increased in f lammat ion 
Symptoms and their behaviour 
The s y m p t o m s of increased inf lammation consist 

of pain and swelling in the region of the problem. 

Inf lammatory changes follow the dis t r ibut ion of the 

neural structure, i.e. a region, rather than being local

ized to a specific musculoskeletal s t ructure . Hence, 

in f lammatory changes that do not follow a specific 

structure, and are rather vague and diffuse in distribu

tion, should raise suspicion that neurogenic inflam

mat ion is a factor. Another feature of neurogenic 

inflammation is that sometimes the patient experi

ences loss of sensation in the inflamed area. This indi

cates a neural dysfunction that produces reduced 

conduct ion whilst also creating increased efferent 



activity to produce the inflammation. The pains of 

neurogenic inflammation are provoked by application 

of mechanical forces to the site of inflammation, as 

would occur with any inflammatory event. Pins and 

needles and numbness can also be experienced in the 

area of inflammation. For a case history of diagnosis 

and treatment of inflammation in a musculoskeletal 

structure, e.g. plantar fasciitis, see Shaddock (1995). 

History 
Sometimes there is a his tory of previous or cur ren t 

neural problems, such as radiculopathy or a nerve 

tunnel syndrome. Disorders that predispose nerves 

to neuropathy, such as diabetes and thyroid distur

bances, can coexist and may be significant predis

posing factors. 

Physical examination 
Active movements 

Active movements can reproduce the patient 's pain 

and will show m a n y of the features that wou ld no r 

mally be present in an inf lammatory problem. Some

times the pat ient can nomina te an active m o v e m e n t 

that reproduces their symptoms bu t this m o v e m e n t 

may not actually apply mechanical stress to the tissues 

in which the pain is experienced. Instead, this move

ment loads the nervous system. In the case ment ioned 

above (Shacklock 1995) a pat ient wi th heel pain and 

swelling could reproduce her pain wi th what she 

called a hamstr ing stretch. At the point of pain onset, 

no force was applied to the heel. The m o v e m e n t she 

had performed tu rned out to be a self-administered 

neurodynamic test for the poster ior tibial nerve, i.e. 

straight leg raise with dorsiflexion/eversion. 

Neurodynamic tests 

Responses to neurodynamic testing can range from 

being no rma l to being grossly abnormal , depend ing 

on neural sensitivity, and, ultimately, the whole clini

cal picture is weighed up before coming to a diagnosis 

of neurogenic inflammation. 

Neurological examination 

Reduced conduct ion can occur wi th this p rob lem 

but i t does no t predict the presence of neurogenic 

inf lammation. However, research in which sophisti

cated neurological and inflammation measu remen t 

techniques have been used shows relat ionships 

between neuropa thy a n d altered inflammation, as 

ment ioned in Chapter 3. It is possible tha t certain 

k inds of fibre involvement, such as small fibres, 

is one of the key variables in whether neuro

logical changes predict the onset of neurogenic 

inf lammat ion. 

Palpation 

Palpat ion of the nerves related to the inflamed s t ruc

ture , part icularly at their tunne ls , is i m p o r t a n t . 

Changes such as swelling in and a r o u n d the nerve 

can be detected and the nerve can show a b n o r m a l 

sensitivity by producing local pain and sometimes 

reproducing the patient's symptoms in the inflamed 

area. Frequently, pain at the site of the inflammation 

can be produced by palpation of that area and swelling 

can also be visible in some cases. 

Evaluation of the inflammatory response 

As ment ioned in Chapter 3, the clinician can come to 

some idea of whether the inflammatory response is 

altered by firmly runn ing the back of the fingernails 

over the skin, approximately half a dozen times in 

quick succession. Symmetry can, and should, be tested 

for and the extent, rate and severity of development of 

redness should be observed. In the increased inflam

mat ion dysfunction, the redness can be more prolific 

and develops more rapidly in the problem area than 

in unaffected sites. 

B. Reduced in f lammat ion 
Symptoms that accompany reduced inf lammation 

tend more towards loss of neural function such as 

numbness , muscular weakness and decreased sensi

tivity of the neural s tructure. This is probably because 

nervous system conduct ion has been so severely 

impaired that its efferent capacity to produce inflam

mat ion are reduced. Neuropathies associated with 

this dysfunction can produce poor nutr i t ion and 

reduced healing of the tissues. 

The deve lopment of redness wi th the skin scratch 

test, as m e n t i o n e d above, can be m o r e sluggish and 

less prolific than no rma l . However it is i m p o r t a n t to 

test b o t h sides at exactly the same t ime to prevent 

t ime-based discrepancies in the behaviour of the 

inf lammation. 



Diagnosis with 
neurodynamic tests 



N E U R O D Y N A M I C T E S T S 

Neurodynamic tests move and deliver a mechanical 
stimulus to the tested neural structures. Hence, the 
tests are used to gain an impression of their mechan
ical function in relation to their state of sensitivity. 
As such, neurodynamic tests are a probe that is used 
to simultaneously explore aspects of mechanics and 
physiology. However, before presenting the tests 
directly, it is necessary to discuss some essential points. 

Sensitizing movements 

Sensitizing movements can be useful in loading or 
moving the nervous system in the form of sensitiz
ing neurodynamic tests. However, since they also 
move musculoskeletal structures, they are not as 
effective as differentiating movements in determin
ing the existence of a neurodynamic mechanism. 
This is why they are called sensitizing movements 
rather than differentiating movements. 

The sensitizing movements for the upper quarter 
consist of contralateral lateral flexion of the cervical 
spine, scapular depression, glenohumeral horizontal 
extension and sometimes external rotation. Radial 
deviation can be used to sensitize the ulnar neurody
namic test. The movements for the neurodynamic 
tests of specific peripheral nerves are part of the 
standard tests and have therefore not been included 
as sensitizing movements. 

The sensitizing movements for the lower quarter 
consist of contralateral lateral flexion of the spine, 
internal rotation of the hip and possibly hip adduction. 

Differentiating movements 

The method of application of differentiating move
ments is discussed in more detail in Chapter 6 but, 
generally, a movement that is remote from the offend
ing problem is used to move the neural structures in 
the problem site in preference to musculoskeletal 
structures. If a change in symptoms occurs simul
taneously with the differentiation movements, a 
neurodynamic mechanism may be implicated. For 
instance, dorsiflexion of the ankle with the straight 
leg raise for low back pain is a such a manoeuvre. 

Neuropathodynamics in a balanced 
context 

Central nervous system mechanisms 
As mentioned, central pain mechanisms are a great 
clinical challenge because they provide the potential 
for such large disparities in pain and motor responses 
with mechanical tests. It is therefore crucial that per
formance and interpretation of neurodynamic tests 
be placed in the context of central pain mechanisms 
(Zusman 1992, 1994; Shaddock 1996, 1999a, 1999b; 
Gifford & Butler 1997; Butler 2000). 

An important aspect of applying the diagnostic 
categories presented in the previous chapter is that 
the clinical features of each dysfunction are reason
ably specific, localized and reproducible. For instance, 
the reproduction of a patient's symptoms with a clos
ing movement will be consistent. In many patients, 
the yielding of such localizing signs is not possible. It 
could be that many components of pathodynamics 
coexist or central mechanisms may be more relevant. 
In which case, careful analysis of the problem in terms 
of pain mechanisms (peripheral and central) will be 
necessary in which the mechanisms are balanced with 
the whole clinical problem. 

Biopsychosocial model of pain 
It is important for the reader to understand that, like 
any physical manoeuvre that is applied to the body, 
neurodynamic tests, palpation and neurological 



examination are actually psychophysical tests that can 
house significant psychosocial aspects. For instance, 
motor reflexes and muscle activity can be modified 
significantly by thoughts (Stam et al 1989) and imag
ining the performance of a task can produce signifi
cant subliminal changes in muscle tone and 
electromyographic activity in a fashion that is specific 
to those thoughts (Jacobson 1930a, 1930b). Naturally, 
the clinician will place the procedures presented in this 
book correctly in the context of the pain sciences. This 
incorporates the biopsychosocial model of pain and 
disability, including all relevant contextual factors. 

INTERPRETATION OF 
NEURODYNAMIC T E S T S -
DIAGNOSTIC CATEGORIES 

If neurodynamic tests were to reflect directly the 
mechanical function of the nervous system, it would 
seem that the question of their validity in diagnosis 
would be redundant. This is because the corollary is 
that whatever occurs clinically in terms of observed 
movement would reflect the mechanical events 
related to the patient problem, making diagnosis per
fect. Unfortunately, this leap of faith is far from the 
truth. Neurodynamic tests vary greatly between indi
viduals, normal or otherwise. Such variations occur 
in the parameters of type of symptom response, range 
of motion, effect of structural differentiation and 
many others. For instance, the range of motion of 
elbow extension in the median neurodynamic test 1 
varies in normal subjects between full elbow exten
sion to —60° (Pullos 1986). Hence, in isolation, range 
of elbow extension is usually of no value in establish
ing whether a test is normal or abnormal. But when 
compared with the contralateral test, asymmetry in 
range of motion may be a highly relevant component 
of the analysis and could implicate neurodynamic 
mechanisms. This further depends on the result of 
structural differentiation. If the range of elbow exten
sion does not change with contralateral lateral flexion 
of the neck, the importance of the nervous system 
reduces. If contralateral lateral flexion produces a 
change in elbow movement, as the patient's pain is 
reproduced, the nervous system may be a factor. Also, 
nerve movement itself varies between individuals 
(Kleinrensink 1997; Erel et al 2003) which will natu
rally be reflected in variations in the related neurody
namic tests. This leads us to the following key point. 

Diagnostic efficacy 

Backg round 
If the therapist is to achieve effective diagnosis 
through neurodynamic tests, it is essential to under
stand the basic principles of diagnosis. Diagnostic 
efficacy asks the question - how effective is a test in 
diagnosis? This is a particularly important aspect of 
understanding clinical neurodynamics because, as 
mentioned above, neurodynamic tests in the con
scious human are influenced by many variables that 
can give rise to variation and leave therapists in a 
difficult position. It is possible for tests to produce 
false positives and false negatives which necessitates 
that the clinician understand two key aspects of 
diagnostic efficacy, sensitivity and specificity. 

Sensit ivi ty 
Sensitivity is the frequency at which a clinical test 
shows abnormalities in the presence of disease. For 
instance, if a neuropathic problem is present in 100 
subjects and the relevant neurodynamic test is 
abnormal in 90 of them, the sensitivity rating is 
90%. Conversely, if the test shows abnormalities in 
the absence of disease, it produces a false positive 
result, which is clearly undesirable. 

Specif ic i ty 
Specificity is the frequency at which a clinical test is 
normal in the absence of disease. Once again, if the 
relevant neurodynamic test shows a normal response 
in 90 of 100 subjects who have no problem, the speci
ficity rating would also be 90%. If a test is normal in 
the presence of disease, it produces a false negative 
result and is also undesirable. Therapists must there
fore be acutely aware of two categories of responses, 
namely false positives and false negatives. 

Clearly, the better diagnostic efficacy of a neuro
dynamic test, the higher its sensitivity and specificity 
ratings will be. In assessing the sensitivity and speci
ficity ratings of neurodynamic tests in clinical dis
orders, not much research can be called upon. 
However, what has been shown with a test such as the 



standard median neurodynamic test 1 is that it can 
be excellent in diagnosis. In carpal tunnel syndrome 
sufferers, our research group showed that the test 
produced sensitivity of 82%, specificity of 75% and 
a positive predictive power of 93% (Coveney et al 
1997). Similar results have also been shown by 
Selvaratnam et al (1997). This is good news from a 
clinical neurodynamics standpoint, however, much 
more work must be done before global acceptance of 
these techniques will occur. 

A systematic classification of 
neurodynamic test responses 

The two diagnostic icons and categories of neuro
dynamic test responses, positive and negative, must 
be critically appraised if neurodynamic tests are to 
be used appropriately. Several reasons for this state
ment are as follows. 

Neurodynamic tests are normally positive because 
they evoke neurogenic symptoms in asymptomatic 
subjects (Kenneally et al 1988). If you pull hard 
enough on a nerve it will hurt, and this correlates with 
the research on mechanosensitivity in Chapter 3. 
Hence, a positive test does not necessarily mean that 
the nervous system is abnormal. To judge a test as 
positive in this situation is technically correct but the 
response could be a normal positive one. To judge it 
as abnormal merely because it produces neurogenic 
symptoms would be an error and could produce 
a false positive result. Hence, the first milestone in 
evaluating neurodynamic test responses is through a 
positive/negative distinction in response to a differen
tiating manoeuvre. If the response is negative, that is, 
remains constant during structural differentiation, 
it is likely that the symptoms arose from muscu
loskeletal or other tissues. If the response is positive to 
structural differentiation, i.e. neurodynamic, the next 
milestone is then to establish whether the response is 
a normal or abnormal neurodynamic one. 

Negat ive structural di f ferent iat ion -
musculoskeleta l response 
Structural differentiation is negative when the symp
toms, range of motion or resistance to movement stay 
constant with a differentiating manoeuvre. Hence, 
the nervous system is eliminated and the response is 
deemed musculoskeletal in origin. 

Posit ive structural d i f ferent iat ion -
neurodynamic response 
Structural differentiation is positive and may impli
cate the nervous system when the symptoms, range 
of motion or resistance to movement change with a 
differentiating manoeuvre. 

Once a positive response to structural differentia
tion has occurred, the next step is to establish whether 
the nervous system currently behaves normally or 
abnormally by further classifying the response. 

Based on the above, a suggested classification of 
responses to neurodynamic test responses is as 
follows. 

1. Musculoskeletal response 
As mentioned, the symptoms evoked by the neuro
dynamic test are established with structural differ
entiation to be musculoskeletal. An example of the 
musculoskeletal response is hand symptoms evoked 
by the median neurodynamic test not changing with 
contralateral lateral flexion of the neck. Another 
illustration would be low back pain with the straight 
leg raise remaining constant with the addition of 
ankle dorsiflexion. 

2. Neurodynamic response 
Effect of structural differentiation 
Restating, the key diagnostic criterium for a neurody
namic response is that at least one of the parameters 
consisting of symptoms, range of motion or palpable 



resistance, change with the differentiating manoeu
vre. An increase or decrease marks such a response. 
However, at this point, whether the response is nor
mal or abnormal is not established and further analy
sis is necessary. 

2a. Normal neurodynamic response 
The normal neurodynamic response is positive to 
structural differentiation and the events fit within 
what has been reported in the literature on norma
tive responses and are presented under standard 
neurodynamic testing (Chapter 7). 

2b. Abnormal neurodynamic response -
neuropathodynamic 
In this kind of response, the symptoms, resistance 
pattern or range of motion show a positive response 
to structural differentiation and differ from those that 
occur in normal subjects. With a unilateral problem, 
there is frequently significant asymmetry in the 
above parameters. For instance, reduced range of 
motion compared with the asymptomatic side in a 
pattern that protects the relevant nerve structures is 
common. 

Problems located in the midline can present sym
metrically, which reduces the value of asymmetry in 
diagnosis. The therapist must then rely on clinical 
experience and relate the disorder to known neuro
dynamics with even greater precision than if the 
problem were unilateral. Bilateral techniques can 
be used. 

At this point, it is important to distinguish 
between different types of abnormal (neuropatho
dynamic) responses that present in some patients. 
Two types can occur, the overt and covert. 

2bi. Overt Abnormal Response (OAR) 
In this category of response, the two essential fea
tures are reproduction of the patient's symptoms 
and differentiation of those symptoms is positive. 
Reproduction refers to the exact same symptom that 
the patient experiences, or part thereof. Abnormalities 
of movement may also occur but they do not specif
ically indicate an overt abnormal response. The term 
overt' is used to show that it is obvious that something 
is wrong with the nervous system by the reproduc
tion of the patient's symptoms with a neural move
ment. It is important to state that the cause of the 

abnormal response is not yet established and diag
nosis is completed with the use of information 
gained from the rest of the clinical examination. 

2bii. Covert Abnormal Response (CAR) 
In this category, responses to neurodynamics tests 
may differ in one or some parameters from the known 
normal response. Also, even though something 
about the test is abnormal, the patient's pain is not 
reproduced. The abnormality might consist of sig
nificant asymmetry of symptoms, symptoms in an 
abnormal location, loss of range of motion or a dif
ference in palpable resistance to movement. It might 
also manifest as a difference in the quality of symp
toms compared with the normal side. For instance, 
the patient might report an ache in their anterior 
forearm with the standard median neurodynamic 
test 1 which is differentiated to be positive (implicat
ing a neurodynamic mechanism) but the pain they 
experience with daily arm movements is actually 
sharp and severe. The ache with the neurodynamic 
test is accompanied by reduced range of wrist exten
sion which increases with release of contralateral lat
eral flexion of the neck. This is a covert abnormal 
response because it does not reproduce the patient's 
clinical pain but it does show covert or hidden neu
ropathodynamics that later may be deemed relevant, 
given more detailed analysis. Naturally, in all cases of 
the covert abnormal response, the test response is 
by definition positive to structural differentiation. 
Another example of a covert abnormal response is that 
which produces a small compensatory movement 
whereby the pronator teres muscle contracts more 
than on the symptomatic side than on the unaffected 
with median neurodynamic testing. More supination 
occurs with release of contralateral lateral flexion. 
Pronation protects the median nerve and the pres
ence of this type of physical sign may therefore justify 
further inquiry. 



There are three reasons for presenting this category 
of test response. First, it addresses the issue of lack of 
sensitivity in some patients who may have a problem 
that is difficult to detect because standard testing does 
not make use of specific sensitizing manoeuvres and 
the patient's symptoms can not be easily evoked. In 
these patients, the danger of producing a false nega
tive result can be reduced by intricate application 
and interpretation. If a therapist were to miss this 
response, the neurodynamic component to the 
problem would remain undetected and therefore 
untreated. This category of response also challenges 
the notion that if a test does not actually reproduce 
the patient's symptoms then the nervous system is 

normal. Many patients fall into this category and 
this kind of problem is often missed. 

The second reason for presenting the covert 
abnormal response is that it provides a stimulus to, 
when clinically appropriate, investigate neurody
namics in more detail than with a standard exam
ination. Higher and more intricate levels and types of 
examination may be needed for this type of problem 
and are discussed in Chapter 6. 

The third reason for having the covert abnormal 
response is that, I have observed many times, patient's 
who start off with an overt abnormal response often 
retreat through the covert before becoming normal. 
This suggests that the covert is a transitional zone of 
abnormality that is located between the normal and 
the frankly abnormal (Fig. 5.1). 



Relat ionship of responses to the 
clinical problem 
Once it has been established that a response to a 
neurodynamic test is abnormal, it is essential to 
determine what exactly this represents. The follow
ing is a group of subcategories that helps to address 
this issue. 

The categories are not mutually exclusive and 
significant interactions between categories will at 
times occur. 

Relevant 
The relevant abnormal neurogenic response is one 
that is causally linked to the disorder in question. 

The most obvious example of this type of response 
is the overt abnormal one that matches localizing signs 
of a disorder, such as a local pathology or specific 
mechanical or physiological dysfunction. Alternatively, 
in the patient whose problem produces a covert 
abnormal test response, the problem could be a sub
tle one that needs treatment. A patient who experi
ences unilateral buttock pain with activities that 
involve lumbar flexion is a good example. The slump 
test may not reproduce the patients pain but the 
knee extension component of the test might be stiffer 
than that of the asymptomatic side and movement 
of this component improves when neck flexion is 
released. In addition, some stretching in the ipsilat
eral buttock occurs with the test and this also reduces 
with releasing neck flexion. The symptom response is 
in the same region as the patient's clinical pain but the 
clinical pain is not reproduced. This response could 
be relevant and to treat it with neurodynamic tech
niques mobilization may be appropriate. 

Irrelevant 
An irrelevant abnormal neurodynamic response 
occurs when the neuropathodynamics are not 
causally related to the current clinical problem. Even 
though an abnormal response is important in detec
tion of neural problems, the problem might have 
existed long before the more recent onset of an 
unrelated problem in the same region, and the new 
and old problems may not link behaviourally. The 
response to the neurodynamic test in this case is 
abnormal but it may be irrelevant and to treat it 
could be inappropriate. However, this judgement is 
very much based on close interaction between the 
patient and therapist and skilled examination and 
clinical reasoning. 

Subclinical 
The subclinical response occurs when, in the asymp
tomatic subject the response to the neurodynamic 
test differs from normal and relates to a subclinical 
problem. It is not uncommon for this response to 
emerge in examination of subjects outside the clin
ical situation, such as in research that includes 
asymptomatic subjects and on courses where therap
ists are tested. It can also be present in patients 
who have symptoms in an area that is remote from 
the tested structures. Since the neurodynamic test 
is abnormal in a region in which symptoms are not 



experienced, a subclinical problem may yet become 
symptomatic. 

Anomalous 
Some people experience atypical responses to neuro
dynamic testing in the absence of clinical symptoms. 
In addition to the response being a subclinical type 
(as above), it could also be a manifestation of anom
alous anatomy. For instance, the presence of medial 
elbow symptoms during the median neurodynamic 
test 1 through an arc of 60°-120° elbow extension is 
not uncommon and could represent anomalous 
anatomy or function of the median or ulnar nerve. 
Also a burning pain at the fibular head with the 
straight leg raise could be another example of an 
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Planning the physical 
examination 



WHAT T O O B S E R V E 

In the course of neurodynamic testing, the therapist 

concentrates on several key variables. The location, 

extent, quality and behaviour of the patient's symp

toms are the principal subjective aspects and the 

resistance pattern to movement, range of motion 

and compensatory movements are the main physical 

ones. Other more subtle non-verbal cues such as 

quality of breathing, tone of voice, facial expression, 

protective muscle tone and avoidance behaviour are 

also taken into account. Effectively, a mental move

ment diagram involving these variables is performed 

in the mind of the therapist so that responses can be 

used to construct diagnosis and treatment. Sensitivity 

and skill are the essential ingredients. 

Feeling for changes in movement 

The movement diagram - Maitland's 
legacy 
The reason for including the movement diagram in 

neurodynamic testing is to emphasize the importance 

of manual skill. It is this ability that enables the ther

apist to make the transition from only being able to 

perform a cursory examination, with the potential for 

false positives and negatives, to making an accurate 

diagnosis. Maitland (1991) has provided an excellent 

tool, the movement diagram, for the purpose of devel

oping such skill and I encourage all therapists dealing 

with the nervous system to become au fait with it. 

An exercise in the use of the movement diagram 

in testing neurodynamics can be applied to the 

median neurodynamic test 1. It should be performed 

slowly and gently and on an asymptomatic individual. 

Two therapists are needed. If the reader is unfamiliar 

with the test it is presented in detail in the following 

chapter. 

1. Therapist A performs the median neurodynamic 

test 1 to the point of evoking a moderate stretch. 

The range of elbow extension at the point of onset 

of resistance (R1) and the behaviour of resistance 

are noted. The position should only be held for a 

short time to prevent undue production of symp

toms and necessitates clear communication with 

the subject. 

2. Therapist A then returns the limb to a satisfactory 

rest position and draws a movement diagram on 

the elbow extension movement based on their 

observations of symptoms, range of motion and 

onset and behaviour of the resistance. 

3. Therapist B then performs a firm contralateral 

transverse glide on the lower cervical spine and 

holds that position perfectly stationary whilst 

stage 4 is executed. 

4. Therapist A then performs the neurodynamic test 

again and draws the same parameters on the 

diagram as in the first instance. Comparisons can 

then be made. 

It will often be noted that the available range of 

elbow extension reduces and/or the resistance com

mences earlier in the range and rises more steeply to 

the limit of movement. 

As seen above, the benefit of the movement dia

gram is to highlight specific variables of movement 

and pain with neurodynamic techniques. Another 

benefit is that the diagram provides the user with the 

opportunity to document and analyse therapeutic 

movements, such as grades, amplitudes and ranges of 

motion. Mental movement diagrams are made dur

ing all neurodynamic testing. 

Planning the examination - how 
extensive should it be? 

General points 
Judgement on the extensiveness and type of neuro

dynamic testing is one of the most important 

aspects of clinical neurodynamics because it 

addresses the issue of provocation of symptoms. 

Provocation has been the single most common rea

son for therapists omitting a neural approach in 

treatment of musculoskeletal disorders. A great deal 

of confusion exists in relation to decisions on selec

tion of tests and how to apply them. Of particular 

importance are how strongly a test should be per

formed, how far into a movement should a test be 

taken, what particular variations in testing might be 

more appropriate for each patient and how deci

sions on these variations are made. There is cur

rently a lack of understanding of these aspects and 

this section seeks to solve this issue. 

Some patients' symptoms are severe and easily 

provoked, or their problem might require particular 

caution. In this case, the most gentle and refined of 

examinations will be performed and the therapist 

must decide on factors such as which neurodynamic 



sequence to use, how far to move the nervous system, 

how much resistance should be encountered and 

to what extent symptoms should, or should not, be 

evoked. At the other end of the spectrum, the stand

ard examination of the patient whose symptoms 

are infrequent, and whose problem is difficult to 

detect, will not be sufficient and a more extensive 

investigation will be warranted. In this event, the 

techniques used will be more specific and will focus 

on specificity in examination through variations in 

neurodynamic sequencing. 

Decisions on the extent of examination are 

influenced by many clinical factors that need clari

fication. In my opinion, a system of deciding on 

the nature and extent of examination should be 

applied. This system should take into account the 

relevant neuropathodynamics and the patient's 

clinical presentation. Specifically, levels and types, of 

examination can be applied to different patient 

problems. 

Below is a tiered system of deciding on the extent 

and kind of examination in the planning of neuro

dynamic testing. Naturally, not all criteria will occur 

simultaneously in the same patient and it is the role 

of the practitioner to choose the most appropriate 

elements. 

Level zero - neurodynamic testing is 
contraindicated 
It seems odd to place a level zero in the context 

of physical examination. However, this is an impor

tant aspect of management of the person with 

neuropathodynamics because, sometimes, physical 

examination is simply inappropriate for either 

physical or psychosocial reasons. A case in point 

follows. 



Another example that leads to neurodynamic 

tests being inappropriate is severe pain in which an 

examination would be too intrusive and provoke the 

patient's symptoms unnecessarily. Also, it may be 

inappropriate to perform neurodynamic tests in cases 

where there is a heavy bias toward psychosocial issues. 

Any contraindication that exists for manual therapy 

generally also applies to neurodynamic testing. 

Level 1 - limited examination 
Description 
The level 1 (limited) examination is performed 

when care not to provoke symptoms is the primary 

concern. Some of the components of a neurody

namic test may be omitted so that only minimal 

forces are applied to the nervous system. It may also 

be necessary to modify the sequence of movements 

to achieve the desired goals. In the level 1 examina

tion, the full neurodynamic tests are not completed. 

However, sufficient neural movements are performed 

so as to gain the information necessary to make a 

diagnosis and plan treatment, whether treatment 

be with or without neurodynamic tests. This level 

of examination is designed to open new and safer 

avenues for assessment and treatment of the patient 

with irritable symptoms or pathology. Previously, in 

this situation, 'neural tension' tests were omitted, 

partly because of the way they were performed. But 

now, with increased refinement and using the tests 

neurodynamically (rather than with respect to ten

sion), the tests can be performed much more safely 

and deftly than before. Hence, more information 

can be obtained and gentle treatment can be admin

istered in cases that were previously considered to be 

futile. 

Indications 
Level 1 tests are performed 

• When symptoms are easily provoked and take a 

long time to settle after movement. This relates to 

Maitland's concept of irritability in which irritable 

problems are treated more gently and with greater 

caution than non-irritable problems (Maitland 

1986). 

• When severe pain is present, a complete neurody

namic assessment may not be appropriate for 

ethical and safety reasons. 

• Latent pain - when the patient's symptoms 

develop some time after physical testing. Latency 

carries risk because adequate warning of an immi

nent increase in symptoms does not occur at the 

time of testing. 

• When pathology is present either in the nervous 

system or the mechanical interface. An example 

of this would be a severe disc bulge or stenosed 

lateral recess in which pressure on the nerve root 

might be elevated and the excursion of a sensi

tized nerve root may be limited, or its sensitivity 

increased. 

• The presence of a neurological deficit may neces

sitate a level 1 examination so as not to produce 

neural irritation. 

• When a lasting increase in neurological symp

toms is possible. 

• When the problem shows a progressive worsen

ing prior to physical examination. This is com

mon in nerve root problems of recent onset. 

• Testing of the nervous system should be limited to 

a level 1 examination, or even not be performed at 

all, in any cases where it is uncertain that the ner

vous system will tolerate testing. If performance 

of a level 1 examination is found to be safe and 

does not reveal sufficient information, the thera

pist may then progress carefully toward a level 2 

examination, if further information is required. 

Method 
In the level 1 examination, the therapist performs 

neurodynamic tests and mechanical tests for the 

musculoskeletal structures separately. This means 

that testing is not deliberately biased toward simul

taneous testing of the nervous system, interface and 

innervated tissues at the same time. In keeping with 

the name 'limited', this kind of examination is 

restricted to evoking minimal symptoms and gener

ally approaches only the first onset of symptoms (P1) 

once only. Full range of motion is not achieved. 

However, this level 1 examination may provide suffi

cient information about the problem, particularly 

whether a neural component exists. Structural dif

ferentiation can still be performed, however, it takes 

a modified form. 

Modified structural differentiation 

In modified structural differentiation, a differentiat

ing tension movement that does not evoke symptoms 



is usually performed prior to the application of some 

of the other test movements. The rest of the level 1 

test is performed so that, at the first onset of symp

toms, the differentiating movement is released to pro

duce a reduction in symptoms. The differentiating 

movement then becomes an 'off switch' rather than 

an 'on switch'. This is instead of performing a differ

entiating movement that increases tension at the end 

of the neurodynamic test and so prevents provoca

tion of symptoms. 

Key aspects of the level 1 (limited) examination 

• Start in a position of greatest comfort for the 

patient and/or lowest force on the nervous system 

• Perform the technique slowly and carefully 

• Only move to first onset of symptoms once 

• The technique may not achieve full range of motion 

• The therapist may need to alter the sequence of 

movements to protect the nervous system e.g. 

start remotely 

• The therapist may need to prevent unwanted 

loading of the mechanical interface and innerv

ated tissues by positioning them accordingly 

• Modified structural differentiation is performed 

(off switch is used) 

• To avoid provocation, the nervous and muscu

loskeletal systems are examined separately 

Level 2 - standard examination 
Description 
This examination consists of use of the standard tests 

for musculoskeletal and neural structures and, as in 

the level 1 examination, tests the three key compon

ents (interface, neural, innervated tissue) separately. 

The neurodynamic tests are performed to a comfort

able production of symptoms. If sufficient informa

tion has been gathered without much in the way of 

symptoms, all the better. It is not necessary that the 

tests be taken to their end range but it is permissible, 

as long as this is clinically appropriate. The neurody

namic position is only held for a matter of seconds. 

Indications and contraindications 
• The problem is not especially easily provoked and 

the symptoms are not severe. 

• Neurological symptoms are absent, or are only a 

minor part of the condition, and these neuro

logical symptoms are intermittent, not easily pro

voked and are stable. 

• The problem is stable and is certainly not deteri

orating rapidly. 

• The pain is not severe at the time of examination, 

neither is there latency in terms of symptom 

provocation. 

• The level 2 examination is contraindicated when 

the problem is unstable, hypersensitive, irritable, 

or when a pathology or pathophysiology that is 

likely to be provoked by testing is present. 

Method 
In the level 2 examination, the nervous system is 

effectively put through its normal paces, but without 

sensitization movements or specifically combining 



neural tests with musculoskeletal ones. The test 

movements should not evoke excessive pain, neuro

logical symptoms or go into a great deal of resistance. 

• Standard neurodynamic sequences are used (out

lined in Chapter 7) . 

• Neural and musculoskeletal structures are exam

ined separately. For instance, a problem with the 

median nerve at the elbow would involve a test of 

the median nerve but it would not involve contrac

tion of the pronator teres muscle during perform

ance of the neurodynamic test. Contraction of 

pronator teres would instead be tested in isolation. 

• Movement into some symptoms is acceptable, as 

long as they are not severe and they settle down 

immediately after the test. 

• A degree of resistance may be encountered. 

However, it should not be strong. 

• Full range of movement may be reached but this 

is not essential. 

Introduction to higher levels of 
examination 
The term 'sensitization' refers to making testing of the 

nervous system more able to detect changes in ner

vous system function. Hence, even though sensitiza

tion is a generic term that applies to all levels of 

examination above standard testing (level 2), specific 

features apply to higher levels that are reflected in the 

following. Furthermore, it is at level 3 that specific 

'types' of examination are applied and these are based 

on the method of sensitization and the causal mech

anisms. Sensitization of neurodynamic tests can be 

achieved in several ways: 

1. Increased magnitude of force applied to the ner

vous system - in this way, the test under consider

ation simply applies more tension to the nervous 

system than the level 2 examination so that detec

tion of some problems may be more effective. 

The progression from standard testing (level 2) to 

testing of this level is one of increased magnitude 

rather than being mechanistically different from 

the level 2 examination. This higher level of test

ing is termed the level 3a examination (sensitized 

neurodynamically). Execution of examination at 

this level involves adding the known sensitization 

manoeuvres to standard tests. When compared 

with the level 2 (standard) examination, the level 

3a examination is essentially a more-of-the-same 

technique. 

2. Greater localization of forces is the second pro

gression or type of neurodynamic testing - here, 

in addition to the forces of standard tests being 

exerted on the nervous system, they are made 

more specific and are therefore more localized 

to the problem site than only applying greater 

force. This is termed the level 3b (localized) 

examination and is sensitized by neurodynamic 

sequencing with the use of a sequence that starts 

locally. Of course, the forces on the nervous system 

with examination at this level will not be purely 

localized to the nervous system, but they may 

be more localized than with standard (level 2) 

examinations. 

3. Making the forces applied to the nervous system 

more multistructural - the forces on the nervous 

system seize the causative mechanisms in many 

domains. Examination at this level involves the 

simultaneous testing of the mechanical interface, 

neural and innervated tissues in varying combin

ations. As such, it is termed the level 3c (multi-

structural) examination. 

4. In this method of sensitization, the patient's 

symptomatic position or movement are utilized 

whilst neurodynamic movements are added to 

sensitize or differentiate the neural aspects of the 

technique. This is a level/type 3d examination 

technique. 

It is not always necessary to pass through each type 3 

technique (i.e. 3a, b, c and d) because this is where 

the causal mechanisms are examined more specif

ically. Sometimes it is acceptable to pass from a level 

3a examination to a type 3c or d, as long as this deci

sion matches the clinical features. 

Indications and contraindications 
• The level 2 examination test is normal, or does 

not reveal sufficient useful information, and the 

clinician wishes to investigate the problem more 

extensively. 

• The symptoms are not severe or easily provoked. 

• The problem is stable. 

• When there is no evidence of pathology that 

might adversely affect the nervous system. 

• In any patient in whom sufficient information 

has been gained by a level 1 or 2 examination, the 



level 3 examination is unnecessary and, I believe, 

contraindicated. 

• The remaining contraindications for the level 3 

examination are the same as those of the level 2 

examination. 

Level/type 3a - neurodynamically 
sensitized 
Description 
As mentioned above, the key feature of the type 3a 

(neurodynamically sensitized) examination is that 

more neural tension is added to the standard neuro

dynamic test. A 'more-of-the-same' test applied 

through the addition of sensitizing movements to a 

standard test. For instance, the straight leg raise is 

sensitized by internal rotation of the hip, which adds 

tension in the nerves to that which has already 

occurred with the straight leg raise. Recapitulating, 

the difference between a level 2 (standard) test and 

the level 3a examination is one of magnitude. 

Method 
The level 2 (standard) examination is performed 

prior to executing one at level 3a. This is to be sure 

that the nervous system can cope with such testing. 

The movements applied in addition to the standard 

tests are those that are known to sensitize the test in 

question. These are described in the chapter on stand

ard neurodynamic tests. 

The sensitizing movements are performed gently 

in which particular attention is paid to the symptom 

responses, resistance and range of motion of all the 

relevant component movements. This is where the 

mental movement diagram is crucial because subtle 

changes are usual for this type of examination. It is 

worthwhile having a good knowledge of all the sen

sitizing movements for each test so that the clinician 

can easily move along the spectrum of testing to the 

most appropriate level of examination. 

Level/type 3b - sensitized by 
neurodynamic sequencing - localized 
technique 
Description 
Testing at the type 3b (localized) examination is qual

itatively different from previous levels. This is 

because, rather than attempting to simply add further 

tension to the nervous system in a 'more-of-the-same' 

fashion, the modifications are designed to make test

ing more specific and localized. As such, testing at this 

level is a deliberate deviation from the standard 

sequence. An illustration of this type of sensitization 

is the straight leg raise in which the patient experi

ences pain in the posterior buttock. In the event that a 

standard test does not reveal sufficient information, 

the sequence of the leg raise can be altered to start 

with flexion/adduction and internal rotation of the 

hip. The rest of the test can then be completed with 

knee extension and possibly dorsiflexion of the foot. 

Alterations in neurodynamic sequencing are the key 

feature of the level 3b examination. 

Indications and contraindications 
The indications and contraindications for the level/ 

type 3b examination are the same as for all level/type 3 

assessments (presented in level 3a). The main reasons 

for testing at level 3b is that level 3a testing did not 

reveal sufficient information or the nature of the 

problem suggests that localization of forces to a spe

cific site, with some degree of tension increase, is war

ranted. For instance a minor carpal tunnel syndrome 

might be more easily detected with a type 3b test than 

a type 3a one because the forces of the level 3b testing 

are more localized to the wrist. 

Method 
The neurodynamic sequence is modified in such a 

way as to localize forces on the nervous system and is 

executed the following way: 

Focusing the sequence of movements at the site of 

the problem (starting locally) - e.g. a minor carpal 

tunnel problem might require a sequence that com

mences with wrist and finger extension, followed 

by the remaining component movements of the 

median neurodynamic test. Another variable in this 

area is the firmness of the technique. My research 

showed that the more firmly the first movement was 

performed, the more likely the test was to evoke 

local neurogenic symptoms (Shacklock 1989). 

Level/type 3c - multistructural 
Description 
The type 3c (multistructural) examination is 

designed to capture the causative mechanisms in 



multiple domains simultaneously. It is also supposed 

to be as specific as possible. As such, the key aspect 

that distinguishes it from the other types of examin

ation is that structures of different types are tested at 

the same time and their influence on the nervous 

system is assessed. It is true that testing at all the 

previous levels will also test multiple structures 

simultaneously but, with this level of testing, the mul

tistructural approach will be more effective because 

of its design. 

The indications and contraindications for testing 

at level 3c are the same as the other level/type 3 

examinations. 

Type 3c (multistructural) examinations are par

ticularly used in the person with high expectations 

in which minor mechanical problems will produce 

symptoms more easily than in patients whose needs 

are less extensive. Such patients with advanced needs 

consist of athletes, sports people and persons who 

work in occupational settings where high demands 

are a feature of their activities. However, the type 3c 

examination is not localized to these people and it 

may be necessary to take an elderly person with a stiff 

interface into this level of testing to be sure that all 

possibilities have been explored. 

Method 
Type 3c testing is effected in the following way. 

Combinations of manoeuvres are performed that 

include simultaneous testing of the interface, neural 

and innervated tissue structures. In this manner, the 

dynamics of the nervous system are assessed in rela

tion to the interface and innervated tissues, rather 

than being tested without focus as in the previous 

levels of examination. For example, the radial neu

rodynamic test could be applied whilst the supinator 

muscle is contracted (mechanical interface pushing 

on the posterior interosseous nerve) and the common 

extensor tendons and muscles are also stretched 

(innervated tissues). This type of examination is 

likely to be more sensitive than testing each structure 

separately and assesses integrated multistructure 

dynamics. It is common to also alter the sequence so 

as to start locally at the site of the problem. Hence, 

testing at type 3c can also involve the characteristics 

of type 3b of testing. Skill and specificity, rather than 

force, are the key aspects of the level 3c examination. 

Another example is the calf problem in which testing 

at level 3b is unsuccessful, such as performing the 

dorsiflexion straight leg raise without production of 

an abnormal response. Addition of resisted static 

plantarflexion to the dorsiflexion straight leg raise 

can be more effective. This is a case of adding testing 

to the innervated tissue with the dorsiflexion/ 

straight leg raise whose sequence is altered in favour 

of the calf muscles. 

Level/type 3d - symptomatic position or 
movement 
The type 3d method of sensitizing neurodynamic 

testing is to perform neurodynamic movements at 

the same time as the patient adopts or performs 

their symptomatic posture or movement. It can be 

nominated by the patient and is analysed in terms 

of interactions between the interface, innervated 

tissues and nervous system. 



For summary of the progressional system see 

Figure 6.1. 

Standard neurodynamic tests 

General points 
A set of standard neurodynamic tests should be avail

able for clinical use. These tests ought to occupy the 

middle ground of testing in terms of extensiveness. 

Hence, they will be easy and appropriate to perform 

in all asymptomatic subjects and many patients. The 

tests that follow from this point are those that I would 

consider standard ones and occupy the level 2 exami

nation category. What should be borne in mind is 

that the standard tests can not be performed on all 

patients but, in the context of learning the essential 

points in testing, they serve our purposes. 

Sequence of movements 
The sequences of movements for standard neurody

namic tests vary significantly between authors 

(Bragard 1929; Chavany 1934; Von Lanz Wachsmuth 

1959; Elvey 1979; Kenneally et al 1988; Butler 1991, 

2000; Selvaratnam et al 1997). In fact, the best 

sequence for the standard tests has not actually been 

established and what follows is largely a result of 

convention that has emerged over the years. Any 

preferred sequence will vary according to situational 

requirements. For instance, a test that evokes max

imum tension at a certain site in the nervous system 

will be different from one in which the intention is to 

produce sliding of a nerve relative to a specific inter

facing structure. The specific sequences of the stand

ard tests that follow have been derived from cadaveric, 

clinical and biomechanical observations and materi

alized for reasons that finally balance simplicity and 

safety with accuracy and effectiveness. Hence, they 

tend to be a result of compromises that provide 

good general application. However, because of this, 

standard (level 2) tests will not be as specific as 

neurodynamic sequences that are directed at produ

cing distinct effects in the nervous system. 

Level of testing 
The standard tests that have been presented in the lit

erature (Elvey 1979; Kenneally et al 1988; Butler 1991, 

2000) occupy the level 2 category. This is because they 

are taken generally toward their end range and all 

their component movements are applied. In this 

respect, many of the standard tests in this book are 

similar to those in the past. However, it is clear that 

to test all patients at level 2 will not be entirely 

appropriate. In some cases, the level 2 examination 

will be too severe and, in others, it will not be suffi

ciently specific or extensive to detect a subtle problem. 

At no stage in this book is it implied that the level 

2 examination is the preferred one. However, for 

learning purposes, it is the best starting point for two 

reasons. First, the research into normal responses to 

neurodynamic testing has been performed on young, 

asymptomatic subjects and was taken to level 2. This 

means that the known normal responses and ranges 

of motion have really only been established at level 2, 

so it is all the clinician has in terms of understanding 

test responses. The second reason the level 2 examin

ation is the best starting point is that therapists usually 

learn to perform neurodynamic tests on their col

leagues who tolerate level 2 testing quite well. 

General points on technique 

Explanation to the patient 
An explanation of the procedure about to be per

formed should be offered to the patient prior to testing. 

This introduces the patient to what is about to happen 

so they can relax and cooperate fully. If the patient is 

unsure about the upcoming events, there will be a 



higher risk of a fearful and protective response, which 

will contaminate the test. Hence, I suggest that a brief, 

simple and reassuring introduction be given in such a 

way as to elicit cooperation. However, it is preferable to 

omit instruction on the purpose of the test. This is 

because expectation influences pain and motor control 

and these aspects should be as neutral as possible prior 

to, and during, testing. The following instructions are 

the kind that I would recommend for a standard test. 

The above instructions contain several essential 

ingredients; informing the patient what will happen, 

the gaining of the patient's consent, reassurance and 

as neutral an approach as possible so that patient's 

expectations or concerns are not aroused. It is also 

important that the test evokes mild or moderate 

symptoms only. This is so that trust in the therapist 

is maintained and fear not does not enter the test the 

next time it is performed. 

Bilateral comparison 
Bilateral comparison of responses to neurodynamic 

testing is crucial in diagnosis. This provides the oppor

tunity for the therapist to detect subtle changes in 

neurodynamic tests and establish baseline responses 

for detection of abnormality. In bilateral conditions, 

or ones in which the problem is in the midline, the 

therapist will have to rely on a good understanding of 

the norm for each test. 

Test the unaffected side first 
In order to reassure the patient that the neurody

namic testing about to be performed is acceptable to 

them, the contralateral side can be tested prior to 

testing the affected side. This measure also provides 

the therapist with baseline information to which the 

responses to testing the affected side can be com

pared. The particular benefit of this is also realized 

when it comes to making the diagnosis of the covert 

abnormal response. By nature, this response is a 

subtle one such that bilateral comparisons can easily 

contrast small changes in test responses. 

Maintain each movement precisely 
As each movement of a neurodynamic test is com

pleted, it must be held stationary whilst the remain

ing movements are added. It is common for 

therapists to 'lose a movement' once it has been 

completed. This reduces the tension in the nervous 

system, alters the neurodynamic sequence, and is a 

source of inaccuracy. Hence, unless modifications 

are performed for specific and deliberate reasons, 

once a movement is applied, it is normally held sta

tionary for the duration of the test, except when it is 

a differentiating movement. 

Be gentle and do not hurry 
It is absolutely essential that the technique is gentle 

and is not hurried. This helps the therapist perform 

the test without provoking symptoms and allows the 

therapist to feel abnormalities in movement more 

easily, not to mention enhancing trust and cooper

ation. It also gives the patient an experience of secur

ity during the test and offers the opportunity for 

patients to protect themselves. 

Evoke versus provoke 
At this point, it is important to make a distinction 

between the words 'provoke' and 'evoke'. 'Provoke' 

has a more negative aspect to it and suggests that the 

consequent pain is more severe and lasts longer than 

in the latter case. 'Evoke' simply means to produce an 

effect which only happens to be a short lived creation 

of symptoms and is a less noxious term. Hence, I 

often use the word 'evoke' in discussion of tests to 

emphasize the fact that provocation of symptoms is 

not the aim of the test. Instead, the aim is to 'evoke' 

symptoms as part of assessing the response. 

Short duration of testing 
The technique should not be sustained for long. It is 

impossible to be absolutely specific about the time 



tests should take because this variable is influenced by 

many factors. I would suggest that, at level 2, a test be 

held at its final point (not necessarily at the end range) 

for no more than 10 seconds. This would only be to 

satisfy the test requirements and not for the purpose of 

sustaining stretch on a neural structure. However, at 

level 1, holding a test in the provoking position for 10 

seconds could be excessive. If sufficient information 

has not been obtained at this point, it will be necessary 

to release the test and discuss the events with the 

patient retrospectively. After discussion, the patient 

can often be more definite about what happens. In any 

case, it is better to explain the procedure well prior to 

its performance so that the patient can participate 

more effectively and excessive testing is avoided. 

Observe the site and quality of 
symptoms 
It is imperative that both the site and quality of symp

toms are observed during the performance of neuro

dynamic tests. The site can be used to determine 

whether the distribution of symptoms is normal and 

the quality of symptoms assists in differentiating 

kinds of normal or abnormal responses. For instance, 

in abnormal cases, an ache in the lower calf region 

evoked by the straight leg raise test might not have 

the same quality as the patient's clinical pain but 

it might occupy the same location. This is not a 

normal site for symptoms with the straight leg raise 

test, so it would, in some cases, constitute a clue as 

to neural involvement in the form of the covert 

abnormal response (see Chapter 5) . 

Perform structural differentiation 
Structural differentiation is always performed in 

diagnosis with neurodynamic tests. For without this 

procedure, evidence of a neurodynamic mechanism 

does not exist and testing could produce false posi

tives or false negatives, which would then lead to 

inappropriate treatment or lack thereof. It is essential 

also that the technique of structural differentiation 

be performed with precision. 

Use movement diagrams 
The use of mental movement diagrams during test

ing is a key part of manual therapy in general and is 

absolutely essential in detecting subtle variations in 

responses to neurodynamic tests. It is even possible 

that the movement diagram might reveal the only 

detectable abnormality. For instance, the patient 

whose supination tightens up more than normal 

during the standard median neurodynamic test 1 

(and this changes with contralateral lateral flexion of 

the neck) may not report any abnormal symptoms 

with the test. This is actually quite common. The 

restriction in supination may be a dynamic shorten

ing in the pronator muscle. Such a dysfunction 

could constitute a physical abnormality in the test in 

the absence of any subjective ones and might indi

cate the need for more specific testing. 

Watch for antalgic movements 
Antalgic movements are an important part of neuro

dynamic testing. It is common for patients to per

form involuntarily small movements that reduce 

forces in the nervous system. Ipsilateral lateral flex

ion is a common one for a tension problem in the 

nervous system and elevation of the scapula during 

upper limb neurodynamic testing is another. Other 

more subtle ones consist of pronation when testing 

the median nerve or external rotation and hitching of 

the hip with the straight leg raise test. It is important 

to be aware of these adaptations and correct for them 

during testing. For instance, if pronation occurs 

with median nerve testing, manual correction of the 

pronation can expose a problem in neurodynamics 

that could otherwise pass unnoticed. The same 

applies to testing of the mechanical interface. For 

instance, in the spine, it is common for a reduced 

closing dysfunction to show itself by producing 

contralateral lateral flexion during extension of the 

spine. The contralateral lateral flexion reduces pres

sure on the nervous system and, if not corrected 

manually, may not expose the neural relationships. It 

is common for patients' peripheral symptoms to be 

reproduced more readily when such corrections are 

made. Reproduction of symptoms with manual cor

rection of such deviations confirms the relevance of 

the compensatory movement. 

Qualitative changes in technique 
produce quantum changes in diagnosis 
This statement means that small variations in tech

nique can lead to completely different diagnoses. 

For instance, if the performance of the structural 

differentiation component of a test is incomplete, 



the diagnosis could be that the test response is 

musculoskeletal. Performing the structural differen

tiation fully and precisely can result in a change 

in the response to a neurodynamic one. Another 

example would be not detecting a small compensatory 

movement that reduces tension in the nervous sys

tem. Prevention of this movement manually will test 

the neural structures more effectively and can pro

duce a transition from a normal neural response to a 

covert or even overt abnormal one. 
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Standard neurodynamic 
testing 



T E R M I N O L O G Y FOR DESCRIPTIONS 
OF TECHNIQUES 

Rathe r than present ing the t echn iques for neurody

n a m i c test ing for the left or r ight side, t e r m i n o l o g y 

that enables the c l in ic ian to pe r fo rm the tests on 

e i ther side of the b o d y is used. T h i s assists in a 

s m o o t h t ransfer o f t echn iques f rom side to side and 

enables left handed users to learn thei r way at f irst . 

T h e te rms 'far' and 'near ' are used to denote which 

l imb the therapist uses to per form a technique . Far 

means the therapist 's l imbs that are further from the 

patient and near relates to the therapist 's l imbs that 

are closer to the patient. Distal and proximal generally 

relate to the therapist 's hand posi t ions on the patient. 

Fac ing cephalad m e a n s that the therapis t faces in 

the d i rec t ion o f the patient 's head. Fac ing caudad 

m e a n s that the therapis t faces in the d i rec t ion of the 

patient 's feet. 

PASSIVE NECK FLEXION 

Introduction 

Passive neck flexion applies tension to the spinal cord 

on account o f the spinal cord be ing located poster ior 

to the axes of rota t ion of the cervical spinal m o t i o n 

segments . In doing so, the cervical canal elongates, the 

canal and intervertebral foraminae open and the 

neural tissues in the neck are tens ioned and slide rel

ative to their interface. T h e pattern of sliding is no t at 

all s imple. In the upper cervical region, the neural tis

sues slide in a caudad direct ion and, in the lower cer

vical spine, they slide in a cephalad direct ion. Also, the 

bra in is pulled downward toward the foramen mag

n u m . In the thorac ic spine, the neural tissues are 

moved in a cephalad direct ion and this appears to be 

similar in the l umbar spine, even though the magn i 

tudes of m o v e m e n t are different in each region. In the 

l umbar spine, the key effects are an increase in tension 

and a cephalad displacement in the neural structures 

(reviewed in S h a d d o c k et al 1 9 9 4 ) . 

Preparation 

T h e pat ient lies supine with their head on a low pil

low and in the mid l ine . T h e therapis t faces the 

pat ient side on and places the i r cephalad h a n d 

undernea th the patient 's occ iput , using their palm as 

the m a i n suppor t . T h e o the r hand applies pressure 

over the upper part of the s t e rnum so that the 

thorac ic sp ine is prevented from moving during 

the test. T h e fingers of this hand are spread out so 

the con t ac t po in t is as wide and as comfor tab le as 

possible . 

Movements 

T h e m o v e m e n t i s s imply passive cervical flexion to 

the po in t to which the therapis t has decided to 

advance . Even t hough this test is easy in c o m p a r i s o n 

to o thers , i t is i m p o r t a n t to emphas ize good tech

n ique . T h e m o v e m e n t should be precisely in the 

c o r o n a l p lane . 

Common problems with technique 

Devia t ing from the corona l plane. 

Not ho ld ing the t ho rax proper ly - this allows gener

alized m o v e m e n t of the cervical and thorac ic spines 

instead of be ing localized to passive neck flexion. 

Pushing too hard or taking the m o v e m e n t into too 

s t rong a stretch. 

Normal response 

T h e no rma l response to the passive neck flexion test 

is pull ing in the upper thorac ic region at the end of 

range. I t is no t no rmal to exper ience low back pain, 

referred pain into the a rms or for headache to occur. 

I t is also abno rma l for lower l imb symptoms to occur 

with this test. For instance, i f pins and needles occur 

in the feet, the cl inician should suspect a lesion in the 

cervical cord and further neurological evaluation is 

essential. Th i s would include testing of Babinski 's 

sign, c lonus , deep tendon reflexes and sensory and 

m o t o r funct ion for the central nervous system. Also, 

medical referral may be necessary. 

MEDIAN NEURODYNAMIC TEST 1 
(MNT1) 

Introduction 

T h e standard upper l imb neurodynamic test l or, 

median neurodynamic test 1 ( M N T 1 ) , moves a lmost 



all the nerves between the neck and hand, including 

the median, radial and ulnar nerves, brachial plexus, 

spinal nerves and cervical nerve roots . In n o r m a l 

subjects, i t evokes symptoms in the dis t r ibut ion of 

the median nerve (Kenneal ly et al 1 9 8 8 ) because the 

forces generated by the test are biased toward this 

structure. 

Indications 

T h e M N T 1 should be pe r fo rmed when there is a 

suspicion that a neural c o m p o n e n t to upper quar te r 

pain or o ther s y m p t o m s is present or when the c l in

ician plans to exclude a neural c o m p o n e n t . T h i s is 

part icularly relevant in cases where s y m p t o m s are 

localized to the median nerve. 

Preparation 

Patient posi t ion - supine, a r m s by the side, shoulder 

f lush with the edge of the couch , no pi l low i f per 

missible, body straight. 

Therapist 's posit ion - stride standing, facing cephalad 

and parallel to the patient with the near hip approxi

mating the bed. T h e near foot is placed forward. 

Hand holds - the therapist 's near hand presses on the 

bed above the patient 's shoulder, using the knuckles 

as a fulcrum. T h e therapist 's fingers then cup gently 

under the scapula but they are held straight and lie 

on the bed. At this point , the therapist does not apply 

caudad pressure on the superior aspect of the shoul

der. Instead, the therapist focuses on leaning firmly 

on their knuckles with a straight elbow. Th i s is to c re

ate friction between the knuckles and plinth so that 

prevention of scapular elevation is provided by nat

ural resistance of the therapist 's contac t on the plinth 

rather than the therapist having to actively per form 

scapular depression on the patient . Th i s t echn ique 

saves energy and increases precis ion. T h e therapist 

may then perform small adjus tments in scapular 

depression with the use of wrist f lexion/extension 

movements (Fig. 7 . 1 ) . 

T h e therapist's distal hand holds the patient's hand 

with a pistol grip with the patient 's t h u m b extended 

to apply tension to the m o t o r b ranch of the median 

nerve. T h e therapist 's f ingers wrap a round the 

patient's fingers, distal to the patient 's me tacarpopha

langeal jo in ts (Figs 7.2 and 7 . 3 ) . 



Movements 

1 . G l e n o h u m e r a l a b d u c t i o n - i f permiss ib le , up to 

9 0 - 1 1 0 ° in the frontal p lane . Ear ly fo rms o f this 

test employed an ex tens ion c o m p o n e n t in which 

the l i m b passed pos te r io r to the frontal p lane , 

bu t this i s no longer r e c o m m e n d e d because this 

m o v e m e n t is a source of incons i s t ency and is n o t 

actual ly necessary in order to p roduce neura l 

s y m p t o m s . T h e scapula i s s imply prevented f rom 

elevat ing. 

2 . G l e n o h u m e r a l external ro ta t ion - to available 

range . T h i s m o v e m e n t i s general ly ceased a t 9 0 ° i f 

the pa t ient i s very m o b i l e . T h e reason for per 

fo rming external ro ta t ion immedia te ly after 

abduc t ion is that all the shoulder m o v e m e n t s are 

c o m p l e t e d a t the s a m e t ime . 

3 . Forea rm supinat ion and wrist and f inger extension. 

4 . E l b o w ex tens ion - the therapis t makes sure that 

this m o v e m e n t does n o t result in g l e n o h u m e r a l 

adduct ion. Th i s is achieved in part by the therapist 

suppor t ing the pat ient 's a r m on thei r nea r th igh 

whilst the i r k n e e and hip are slightly f lexed. 

5. S t ructura l differentiation - select ion of the correc t 

m o v e m e n t for s tructural differentiation is based 

on where the s y m p t o m s are located. I f p roximal 

symptoms are to be differentiated, the wrist is 

released f rom its extended posi t ion. I f distal symp

t o m s are to be differentiated, the neck is moved 

into contralateral lateral f lexion. Unfortunately, 

pat ients are universally bad at per forming c o n 

tralateral lateral f lexion, even when given pract ice . 

Hence , it is often necessary to place the neck in 

contralateral lateral f lexion pr ior to testing, then 

ask the patient to return their head to the midl ine 

at the final stage of the test. Generally, ipsilateral 

lateral flexion is no t used because of its capacity to 

produce false negatives in differentiation, since it 

does no t always produce sufficient change in neu

ral tension (Figs 7.4, 7 .5 , 7.6 and 7 .7 ) . 

Common problems with technique 

T h e heel of the near (proximal) hand that stabilizes the 

scapula often pushes in a posterior direction on the 

front of the shoulder. Th is should not happen because 

the therapist 's wrist jo in t should be straight so that the 



downward force passing along the therapist 's a r m 

produces friction on the bed, thus preventing scapular 

elevation. Scapular depression is no t performed. 

Not preventing scapular elevation properly. As m e n 

tioned, it is vitally impor tan t that the therapist 's 

knuckles bear down on the couch firmly through a 

straight e lbow so that the ensuing friction of the 

knuckles on the bed is sufficient to stop the therapist 's 

stabilizing hand sliding in a cephalad direct ion. If suf

ficient pressure on the couch does not occur, the ther

apist will be forced to apply a scapular depression 

force actively which makes the test m o r e demanding 

and less accurate and often leads to the therapist 

shaking and becoming tense. I t also makes the thera

pist feel as if they are wrestling with the patient. 

Not main ta in ing the g lenohumera l abduc t ion dur

ing the m o r e distal c o m p o n e n t s of the test. D u r i n g 

pe r fo rmance of e lbow extens ion , the therapis t often 

lets the patient 's a r m adduct because o f lack o f sup

port f rom the therapist 's near thigh. 

Not cont ro l l ing the external ro ta t ion c o m p o n e n t 

during pe r fo rmance of e lbow extens ion - this alters 

the test and is cont ro l led for by the therapis t m a k i n g 

sure that e lbow extens ion is pe r fo rmed exact ly in the 

plane of the m o v e m e n t relative to the humerus . 

Pulling the patient 's hand into u lnar devia t ion. T h e 

therapist must raise their own e lbow high enough so 

Introduction 

T h e ulnar n e u r o d y n a m i c test ( U N T ) m a y b e the 

m o s t difficult o f the s tandard n e u r o d y n a m i c tests to 

pe r fo rm and the reason for present ing this test 

immedia te ly after the M N T 1 is that , f rom the s tand

po in t o f the therapist , the U N T follows o n m o r e 

natural ly than the o ther upper l i m b tests. T h e U N T 

as to m a k e i t easy to pe r fo rm wrist ex tens ion in the 

proper p lane as the subject ' s e lbow is ex tended . Also, 

lack o f e levat ion o f the therapist 's e lbow tends to 

m o v e the patient 's upper l i m b in to in ternal ro ta t ion , 

which reduces the effectiveness o f the test. T h e ther

apist mus t have in m i n d the axes a n d p lanes of 

m o v e m e n t for each m o v e m e n t to ensure that the test 

m o v e m e n t s are p e r f o r m e d accurately. 

Normal response 

S y m p t o m s - pulling in the front of the elbow, 

extending to the f i rs t three digits. S o m e t i m e s pins 

and needles occu r in the med ian nerve d is t r ibut ion . 

T h e s e s y m p t o m s generally increase with cont ra la t 

eral lateral f lexion and less c o m m o n l y reduce wi th 

ipsilateral lateral f lexion of the cervical spine 

(Kenneal ly et al 1 9 8 8 ) . Occasional ly , a s t re tching feel

ing in the an te r ior aspect o f the shoulder can o c c u r 

(Fig. 7 . 8 ) . 

Range of m o v e m e n t - be tween —60° and full 

e lbow ex tens ion (Pul los 1 9 8 6 ) . 

Modified technique - supported MNT1 

In s o m e cases in which m o r e suppor t for the upper 

l i m b is needed, it is useful to modi fy the t echn ique 

for the s tandard M N T 1 . In this p rocedure , the ther

apist suppor ts the pat ient 's a r m with thei r o w n 

p rox imal hand by replacing the ' k n u c k l e s - o n - t h e -

b e d ' t echn ique wi th leaning on the bed wi th the 

elbow. T h e therapist 's p rox ima l fo rea rm can then 

suppor t the patient 's e lbow and upper a r m . T h i s 

m a y be pe r fo rmed in cases o f shoulder instability, 

severe pain in which con t ro l of the t echn ique is 

impor t an t , or i f the pat ient i s par t icular ly c o n c e r n e d 

abou t pain p rovoca t ion (Fig. 7 . 9 ) . 

ULNAR N E U R O D Y N A M I C T E S T (UNT) 



produces a s ignif icant bias to the u lnar nerve in 

addi t ion to test ing the brachia l plexus and cervical 

nerve roots . I am no t conv inced that i t differentiates 

precisely the C8 nerve roo t f rom the others . 

However, i t m igh t p roduce an increase in stress in 

the lower t runks of the brachia l plexus and possibly 

the m o r e caudal ly associated nerve roots . 

Indications 

T h e U N T is used when s y m p t o m s occu r in the field 

o f the u lnar nerve, lower t runk o f the brachia l plexus 

o r the C 8 - T 1 spinal nerves o r nerve roots . T h e cor 

responding region passes f rom the anteroinfer ior 

par t of the pos ter ior fossa, an te r ior shoulder, axilla, 

a long the media l surface of the a r m and e lbow to 

the hypo thena r e m i n e n c e and 4 th and 5 th digits. 

Cond i t i ons that c o m m o n l y warrant pe r fo rmance 

of this test are C8 radiculopathy, thorac ic outlet 

syndrome , cubi ta l tunne l syndrome and ulnar 

neuropa thy at Guyon's canal . 

Preparation 

Pat ient pos i t ion - supine, shoulder flush with the 

edge o f the couch , no pillow. 

Therapis t posi t ion - stride standing facing cephalad, 

with the near foot forward and the hip next to the 

patient . T h e therapist 's near hip is posi t ioned against 

the edge of the couch and is somet imes used as a 

weight bear ing poin t by the therapist. T h e proximal 

hand is cupped under the scapula in a fashion similar 

to the M N T 1 . I t is imperative that the posit ion 

adopted by the near a r m is mainta ined . T h e next step 

is to take the patient's hand toward the therapist 's lat

eral thigh in a fashion that simulates a ' low five' act ion 

in which the therapist 's forearm is supinated. This 

produces a posi t ion in which the patient starts the test 

in e lbow extension. T h e therapist starts in a supinated 

posi t ion with their hand on their thigh with their 

pa lm facing outward and clasping the patient's hand. 

T h e therapist 's f ingers are spread out over the 

patient 's fingers and the therapist 's t h u m b is located 

b e h i n d the patient's metacarpophalangeal jo ints . T h e 

reason for starting with this posi t ion is that it gets eas

ier as the test nears comple t ion . O the r grips are pos

sible but , once the therapist has b e c o m e familiar with 

it, I find this the mos t satisfactory. 



Join t posi t ions - the patient 's a r m is s t raight a n d 

abducted as little as possible , and is he ld in the 

frontal plane. T h e patient 's fo rearm is s o m e w h a t 

pronated and the wrist and hand in the neut ra l pos i 

t ion. T h e patient 's l imb rests comfor t ab ly on the 

therapist 's th igh to s top the a r m f rom falling b e l o w 

the frontal plane (Fig. 7 . 1 0 ) . 

Movements 

1. Shoulder depression - taking up the s lack in the 

nerves and muscles ( n o t s t re tching) 

2 . Wris t and finger ex tens ion / fo rea rm p rona t ion 

3 . E lbow f lex ion 

4. Glenohumera l external rotat ion - at this point , the 

balance of the technique changes from being 

mainly initiated by movemen t s of the therapist 's 

distal hand, and the rest of the body being relatively 

motionless , to the therapist 's whole body, par t icu

larly the legs, becoming m o r e involved. It is neces

sary in the preparat ion of this m o v e m e n t that the 

therapist take the weight of the patient's a r m on the 

therapist's near thigh so that the a r m can be rotated 

by bo th the therapist 's thigh and distal hand. This 

will necessitate the therapist standing with their 

near foot on their tip toes and rocking their thigh 

about their foot whilst the therapist 's distal hand 

combines to guide the movemen t . It is useful at this 

point to practise the rocking m o v e m e n t to produce 

pure g lenohumeral external rotat ion. 

5. G lenohumera l abduc t ion - the therapist will have 

to alter their posi t ion so that a walking ac t ion 

a round the patient 's shoulder with the therapist 's 

p roximal hand as the fulcrum occurs . A shuffle of 

the feet will natural ly occu r in which the therapist 's 

back foot takes a small step forward as the therap

ist's b o d y pivots a round the patient 's shoulder 

j o in t as the subject 's a r m moves into the abducted 

posi t ion. W i t h pract ice, stages 4 and 5 can be per

fo rmed deftly to the po in t of be ing a very s m o o t h 

part of the test. However, i t does take pract ice . Th i s 

step mus t be pe r fo rmed smoo th ly with consider

a t ion for the patient . Being the final stage of the 

test, symptoms can be encounte red quite suddenly, 

so extra care is needed. 

6. S t ruc tura l differentiat ion - release a small a m o u n t 

of pressure f rom the scapular depression with a 

small f l ex ion m o v e m e n t o f the therapist 's proxi 

m a l wrist (Figs 7 . 1 1 , 7 .12 , 7 . 13 , 7 .14 and 7 . 1 5 ) . 

Sensit izing movemen t s - (a) contralateral lateral flex

ion of the cervical spine, ( b ) radial deviat ion - our 

recent observat ions show that a significant a m o u n t of 

p rox imal m o v e m e n t of the u lnar nerve a t the e lbow 

can occur . 

Common problems with technique 

Not main ta in ing the scapular depression - this is the 

m o s t c o m m o n fault i n t echn ique for the U N T I f 



scapular depression is lost, the a r m will abduc t exces

sively and s y m p t o m s will n o t be evoked. I f insuffi

c ien t s y m p t o m s occu r wi th abduc t ion , i t will be 

necessary to revisit the scapular depression. Th i s m a y 

necessi tate r e c o m m e n c i n g the test f rom the beg in 

ning. T h e p r o b l e m is usually caused by n o t be ing able 

to ma in t a in the weight on the stabil izing hand (at the 

scapula) dur ing the abduc t ion phase. T h i s is in tu rn 

caused by the therapis t n o t adopt ing the cor rec t 

pos i t ion f rom the outset . 

Performing the abduc t ion c o m p o n e n t too s u d d e n l y -

because this is a t ransi t ional and difficult part of the 

test, pe r fo rmance of abduc t ion by the therapist i s 

often coarse . Pract is ing this part of the test slowly, 

emphasiz ing the correct starting and finishing pos

i t ions, is the solut ion. 

S t rong s y m p t o m s in the hypo thena r e m i n e n c e - this 

can m e a n that t oo m u c h force has been applied to 

the wrist and finger extens ion c o m p o n e n t s and, 

often, radial dev ia t ion /p rona t ion of the hand on the 

fo rea rm are factors. In this case, these m o v e m e n t s 

mus t be e l imina ted and the little finger may also 

need to be released slightly. Th i s releases local neural 

t ens ion and allows the rest o f the test to be c o m 

pleted m o r e evenly. 

Normal response 

S y m p t o m s - stretch sensat ions can occu r in 

a lmos t any region o f the upper l imb , however 



they tend to focus in the f ie ld of the u lnar nerve. 

Pins and needles and bu rn ing can also occur . T h e 

e lbow and wrist s y m p t o m s usually change wi th 

releasing scapular depress ion (F lanagan 1 9 9 3 ) 

(Fig. 7 . 1 6 ) . 

Range o f m o v e m e n t - the range o f m o t i o n o f 

g lenohumera l abduc t ion with the U N T varies 

considerably. W i t h s ix k i lograms o f weight on 

the scapula to p roduce depress ion to the f i rs t 

onset o f symptoms , the range averages 6 5 ° and, 

a t m a x i m u m s y m p t o m to le rance , the l imi t can 

range be tween 9 1 ° - 1 2 0 ° (F lanagan 1 9 9 3 ) . I have 

observed that generally the n o r m a l m o v e m e n t can 

range from 30° to approx imate ly 9 0 ° , however, this 

is usually at a range shor t of m a x i m u m s y m p t o m 

tolerance. 

Introduction 

Like the M N T 1 , this vers ion o f the M N T 2 e x a m 

ines the lower cervical nerve roots , related spinal 

nerves, brachia l plexus and med ian nerve. T h e s y m p 

t o m s that arise f rom this test are f rom the med ian 

nerve also. 

Indications 

T h e M N T 2 test shou ld b e p e r f o r m e d w h e n s y m p 

t o m s o c c u r i n the d is t r ibu t ion o f the m e d i a n nerve , 

and m o r e par t icular ly w h e n the pat ient 's s y m p t o m s 

are p rovoked by depress ion m o v e m e n t s o f the 

scapula. T h i s is because scapular depress ion is a sig

nif icant par t of the test a n d is likely to emula te the 

provoking s i tuat ion. T h e test c an also be used in 

preference to the M N T 1 to pro tec t the shoulder 

j o i n t by reduc ing the a m o u n t o f abduc t ion with the 

test. T h e test c an also be ind ica ted in cases o f recent 

surgery in the shoulder region (e.g. a r throplas ty or 

m a s t e c t o m y ) in wh ich the in ten t ion is to evaluate 

the nervous sys tem wi thou t pe r fo rming g leno

h u m e r a l abduc t ion . T h e test m a y also be indica ted 

in cond i t ions in wh ich a b d u c t i o n is e i ther c o n -

t ra indica ted or imposs ib le (e.g. recent d i s loca t ion or 

instabi l i ty or capsul i t i s ) . I t c an also be ind ica ted 

when the a i m is to test a specific p rovoking m o v e 

m e n t m o r e effectively than wi th the M N T 1 . 

Preparation 

Pat ient pos i t ion - supine , shoulder over the edge of 

the couch , i f poss ible , no pillow. S o m e t i m e s the 

pat ient m u s t lie d iagonal ly on the c o u c h bu t be sure 

to pos i t ion the head so that i t is as c lose to the m i d 

l ine as poss ible . 

Therap i s t pos i t ion - str ide s tanding wi th the near 

leg forward and facing caudad . S o m e therapis ts 

reverse the foot pos i t ion , bu t I f ind this unsat isfac

to ry because i t r emoves the o p p o r t u n i t y for the 

therapis t to suppor t the pat ient 's pos te r io r shoulder 

region with thei r nea r th igh. Also later, this pos i t ion 

is be t te r for mob i l i z ing the e lbow and wris t wi th 

n e u r o d y n a m i c techniques . T h e an te r io r surface o f 

MEDIAN NEURODYNAMIC TEST 2 
(MNT2) 



the therapist 's near hip is pos i t i oned against the 

super ior aspect o f the pat ient 's shoulder . Caudad 

pressure on the scapula is not appl ied at this po in t . 

H a n d holds - the therapis t leans over the patient 's 

a r m . T h e therapist 's nea r h a n d suppor ts the patient 's 

e l bow whils t the therapist 's fo rea rm passes over the 

pat ient 's a b d o m e n (wi thou t leaning on 

the a b d o m e n ) . T h e therapist 's far h a n d holds the 

patient 's h a n d by h o o k i n g the t h u m b b e h i n d the 

pat ient 's me taca rpopha langea l j o in t s . T h e thera

pist 's f ingers then spread ou t over the pa lmar aspect 

of the pat ient 's f ingers. T h i s ho ld i s crucia l to per 

fo rming the test well because i t al lows the pat ient 's 

wrist , f inge r s a n d t h u m b to be ex tended toge ther 

(Fig. 7 . 1 7 ) . 

Jo in t pos i t ions - the pat ient 's a r m is down by their 

side, e lbow at 9 0 ° , neu t ra l wris t and f inger pos i t ion . 

To m a k e sure that the test will w o r k properly, 

I suggest that , whils t in the s tar t ing pos i t ion , the 

reader rehearse the fol lowing on a col league: 

• gent ly rock forward a n d backward , on ly a few 

mi l l ime t res , to p roduce scapular depress ion and 

reversal 

• flex a n d ex tend the pat ient 's wris t and f ingers a n d 

m a k e sure that i t occu r s well, is con t ro l l ed and is 

c o m f o r t a b l e for b o t h par t ies 

• the therapis t shou ld be able to ho ld the weight 

o f the pat ient 's upper l i m b wi th thei r distal hand 

and the therapist 's far e lbow should be held high 

so that f l ex ion /ex tens ion m o v e m e n t s o f the wris t 

a n d e lbow are in the cor rec t plane. Failure to raise 

the e lbow will p roduce radial deviat ion at the 

patient 's wris t j o i n t and is incorrec t . O n c e this 

has b e e n achieved, the therapist 's o ther (proxi

m a l ) hand actual ly does m o s t o f the suppor t ing 

o f the patient 's upper l i m b under the patient 's 

elbow. 

Movements 

1. Scapula r depress ion - gently taking up the slack 

in the nerves and muscles . 

2 . E l b o w ex tens ion to available range. 

3 . Ex te rna l ro ta t ion / sup ina t ion to hor izonta l 

(frontal p lane) i f permiss ib le . T h e reason for only 

taking these m o v e m e n t s to the frontal plane is 

that there is great var ia t ion in range of m o t i o n 

of t h e m be tween individuals, which can be a 

source o f incons i s t ency be tween test appl icat ions. 

Taking this measure helps to standardize the test. 

F u r t h e r m o r e , neural responses are still easily 

evoked wi thou t pe r fo rming these m o v e m e n t s 

b e y o n d the frontal plane. 

4 . Wr i s t and finger ex tens ion . 

5. G l e n o h u m e r a l abduc t ion i f need be - i f the 

patient 's s y m p t o m s are posit ive to s t ructural dif

ferent ia t ion at this point , and sufficient in forma

t ion has b e e n ob ta ined , i t m a y n o t be necessary to 

ca r ry ou t abduc t ion . T h e m o v e m e n t can be par

t icularly uncomfor t ab l e , even in a symptomat i c 

individuals (Fig. 7 . 1 8 ) . 



6. Structural differentiation - the therapist releases 

a small a m o u n t of pressure from the scapular 

depression, without moving anything else. T h e 

scapula should only move a few mil l imetres at the 

mos t because usually this is sufficient to p roduce a 

change in the distal s y m p t o m response (Figs 7 . 1 9 , 

7 .20 , 7 . 2 1 , 7 .22 and 7 . 2 3 ) . 

6a . Distal s y m p t o m s - use the scapular 

movemen t s . 

6b. Proximal s y m p t o m s - use the wrist and 

fingers. 

Common problems with technique 

Not cont ro l l ing scapular depress ion. Th i s results in 

a large a m o u n t of g l e n o h u m e r a l abduc t ion be ing 



permiss ib le before the onse t o f s y m p t o m s . I f p lenty 

o f abduc t ion occur s , the therapis t shou ld revisit the 

scapular depress ion. 

T o o m u c h release o f scapular depress ion, crea t ing an 

excessively gross m o v e m e n t . T h i s i s m o r e likely to 

p roduce false posi t ives with differentiat ion. 

T h e therapis t does no t ho ld thei r far e lbow high 

e n o u g h so as to pe r fo rm e lbow and wrist ex tens ion 

properly. T h i s predisposes to radial devia t ion of the 

pat ient 's wrist . 

N o t ho ld ing the pat ient 's h a n d properly. Usual ly 

therapis ts p lace thei r own hand t o o far in to the 

pat ient 's . T h i s impai rs the therapist 's abi l i ty to place 

thei r t h u m b b e h i n d the patient 's m e t a c a r p o p h a 

langeal j o i n t s and spread their f ingers over the 

patient 's fingers. It then ends up be ing a hand-shake 

grip on the therapist 's part ra ther than a therapeut ic 

o n e (Fig . 7 . 2 4 ) . 

Normal response 

T h e n o r m a l s y m p t o m response to the M N T 2 i s s imi

lar to that o f the M N T 1 . S o m e t i m e s pins and needles 

in the hand and fingers occur . All symptoms typically 

reduce with the release of scapular depression. 

Range of m o v e m e n t - usually full e lbow ex ten

s ion and anyth ing be tween 0° to 5 0 ° abduc t ion . 

Sensi t iz ing m o v e m e n t s - contra la tera l lateral 

f lexion o f the cervical spine. 

RADIAL NEURODYNAMIC TEST (RNT) 

Introduction 

T h e radial neu rodynamic test ( R N T ) applies 

mechan ica l forces to the cervical nerve roots and 

associated spinal nerves and brachia l plexus with the 

scapular depress ion c o m p o n e n t and it is likely that 

the internal ro ta t ion c o m p o n e n t m o v e m e n t applies 

further stress to the radial nerve as it spirals a round 

the h u m e r u s . T h e p rona t ion and wrist and finger 

m o v e m e n t s will apply stress to the distal part of the 

radial nerve. H e n c e , the resultant effect is a bias of 

stresses to the radial nerve in the distal regions. It is 

n o t cur ren t ly k n o w n whether the R N T differentiates 

be tween nerve roots when c o m p a r e d with the effects 

o f the M N T 1 . 

Indications 

T h e R N T is indicated when s y m p t o m s in the upper 

quar te r are located in the f ie ld of the radial nerve or 

C6 nerve root . Such p rob lems consist o f pos ter ior 

shoulder pain, lateral e lbow pain, dorsal forearm 

pain related to occupa t iona l overuse, supinator tun

nel s y n d r o m e and de Quervain 's disease. 

Preparation 

Patient pos i t ion - supine and pos i t ioned diagonally, 

shoulder over the edge of the couch , no pillow. T h e 

patient 's head should be as close to the patient 's 

mid l ine as possible . 

Therap i s t pos i t ion - facing caudad, stride s tanding 

wi th the near leg forward, an ter ior surface of ther

apist's near hip pos i t ioned against super ior aspect of 

the patient 's shoulder . No caudad pressure is applied 

at this t ime . 

H a n d holds - leaning over the patient 's a rm (swap 

hands f rom the M N T 2 ) . T h e therapist 's proximal 

(far) h a n d suppor ts the patient 's elbow. T h e thera

pist's o the r (distal) hand covers the back of the 

patient 's hand and f ingers ready to perform elbow 

ex tens ion and wrist and finger flexion. 

Jo in t pos i t ion - patient 's a rm down by side, e lbow at 

9 0 ° , neutral wrist and f inger pos i t ion . 



Movements 

1. Scapular depression - taking up the slack in the 

nerves and muscles (no t s t re tch ing) . 

2 . E lbow extens ion . 

3. G lenohumera l in ternal ro t a t ion / fo rea rm 

pronat ion . 

4. Wris t and f inger f lexion. 

5. G lenohumera l abduc t ion . 

6. Structural differentiation. 

6a. Proximal symptoms - release wrist flexion. 

6b. Distal s y m p t o m s - release a small a m o u n t of 

pressure from the scapular depress ion (Figs 

7 . 2 5 , 7 .26 , 7 .27 , 7 .28 and 7 . 2 9 ) . 

Common problems with technique 

Failure to ma in ta in scapular depress ion - as wi th 

the M N T 2 , this will a l low m o r e o f m o v e m e n t o f 

the o ther c o m p o n e n t m o v e m e n t s , par t icular ly 

abduct ion . I t will therefore be necessary to revisit 

the scapular depression. 

Too large a m o v e m e n t dur ing the release of scapular 

depression - this will predispose to false posit ive 

results. 

Excessive pressure on the wrist f lexion, p roduc ing a 

bias of stress to the wrist j o i n t and associated m u s 

culoskeletal s t ructures, and local nerves. 

Us ing the wrong hand to pe r fo rm the wrist a n d f in 

ger ex tens ion . T h i s p roduces a bow-s t r ing ing effect 

whereby the far ( i nco r r ec t ) h a n d bypasses the wrist 

j o i n t and jus t pulls the f ingers in to f lexion. 

Normal response 

S y m p t o m s - pul l ing in the lateral e lbow region, 

ex tend ing in to the forearm. S o m e t i m e s a s t retch in 



the b a c k o f the wris t occurs . T h e e lbow s y m p t o m s 

a lmos t always change wi th releasing scapular 

depress ion and the wrist s y m p t o m s s o m e t i m e s 

change wi th releasing scapular depress ion. 

Range of m o v e m e n t - Yaxley and Jull ( 1 9 9 1 ) found 

that the m e a n range o f g lenohumera l abduc t ion in 

n o r m a l subjec ts was 4 0 ° - 4 5 ° . However, this can 

vary cons iderab ly in individuals , in my exper ience , 

be tween a lmos t no a b d u c t i o n to 5 0 ° . 

Sensi t iz ing m o v e m e n t s - contra la teral lateral 

f lexion of the cervical spine. 

A X I L L A R Y NEURODYNAMIC TEST 
(ANT) 

Introduction 

T h e axi l lary n e u r o d y n a m i c test can place the axil lary 

nerve under signif icant tens ion but , in my opin ion , 

the test is often n o t very specific to the nerve itself. 

In addi t ion to the possibi l i ty that the s y m p t o m 

response in n o r m a l subjec ts may arise f rom the 

nerve, i t m a y also be evoked f rom the local m u s c u 

loskeletal s t ructures , part icular ly those that are 

loca ted a round the pos ter ior aspect o f the g leno-

h u m e r a l j o in t . Th i s is because a p r o m i n e n t move

m e n t in the test is internal ro ta t ion , whereby the 

m o v e m e n t is taken to the end range in an a t tempt to 

m a k e use o f the spiral course o f the axillary nerve 

a r o u n d the pos te r io r aspect o f the humerus . 

Frequent ly, the musc les of the quadri lateral space 

show tenderness a n d th icken ing in the presence of 

p rob l ems a round the pos ter ior shoulder, including 

those tha t affect the nerve. 

Indications 

T h e A N T can be used to assess s y m p t o m s in the pos

ter ior a n d lateral shoulder region when they are sus

pec ted to arise f rom the axil lary nerve. T h e nerve as 

it passes th rough the quadri lateral space is the target 

po in t of the test because this i s where the nerve may 

b e c o m e irr i tated or compressed . P rob lems with this 

nerve can develop in activit ies such as swimming 

and repeti t ive th rowing ac t ions . C o n t r a c t i o n o f the 

muscles that fo rm the quadri lateral space is s o m e 

t imes the basis for the p rob lem. 

Preparation 

Pat ient pos i t ion - supine, lying diagonal ly on the 

c o u c h wi th the shoulder o f f the edge, no pillow, as 

for the R N T 

Therap i s t pos i t ion - as for the RNT. W i t h their 

p rox imal (far) hand , the therapis t holds the patient 's 



arm immedia te ly p rox imal to the elbow. T h e i r distal 

hand then holds the patient 's distal fo rearm. 

Joint posi t ions - the patient 's e lbow remains flexed 

to approximately 30° . Th i s is so that, at the end po in t 

of the test, e lbow extens ion can no t apply forces 

to the poster ior in terosseous nerve which would 

undesirably bias the test toward this nerve ra ther 

than the proximal part of the radial nerve t ract . To 

start with, the g lenohumera l j o in t is abduc ted as l i t

tle as possible . T h e patient 's wrist and fingers are left 

to adopt a neutral pos i t ion . 

Movements 

1. Contra la tera l lateral f lexion of the cervical spine. 

2 . Scapular depression. 

3. G lenohumera l internal ro ta t ion to the end of 

available range. 

4. G lenohumera l abduc t ion if step 3 does no t evoke 

symptoms . 

5. Structural differentiation - release a small a m o u n t 

of contralateral lateral flexion (Fig. 7 . 3 0 ) . 

T h e level/type 3c neu rodynamic test for the A N T 

includes resisted con t r ac t ion o f the muscles o f the 

quadrilateral space. 

Common problems with technique 

Not achieving sufficient g l enohumera l in ternal 

rotat ion. 

Allowing too m u c h e lbow extens ion . T h i s biases the 

test to the m o r e distal parts of the radial nerve t rac t . 

Losing the contra la teral lateral f lexion. I f the pat ient 

slides on the bed dur ing the scapular depress ion 

phase and loses the neck pos i t ion , i t may be neces 

sary to ask t h e m to ho ld the neck pos i t ion wi th thei r 

contralateral hand . 

Normal response 

S y m p t o m s - pull ing in the posterolateral shoulder 

and upper a r m region. N o t all persons display a 

response. 

Range o f m o v e m e n t - approximate ly 4 5 - 9 0 ° 

abduct ion . 

Sensi t iz ing m o v e m e n t s - cont ra la tera l lateral 

f l ex ion o f the cervical spine. 

RADIAL S E N S O R Y NEURODYNAMIC 
TEST (RSNT) 

Introduction 

T h e R S N T test is a good example of using the innerv

ated tissue to apply tension to a part icular nerve and 

can be very useful in detect ion of e r roneous diagnosis 

of de Quervain 's disease. I have personally encoun 

tered a n u m b e r of patients with this diagnosis w h o 

demonst ra ted evidence of a disorder of the radial sen

sory nerve. In one such patient, he happened to appear 

a t my clinic on the spur of the m o m e n t , immediate ly 

after his doc tor had anaesthetized the extensor pollicis 

brevis and abductor pollicis longus tendons in c o n 

junc t ion with injecting steroids. Local numbness was 

present and no pain could be produced with strong 

palpation o f the tendons. T h e R S N T reproduced the 

patient's symptoms and scapular movemen t s altered 

the response. T h e possibility of false diagnosis of de 

Quervain's disease has been reported in which the 

radial sensory nerve was the cause of the symptoms in 

the t h u m b (Saplys et al 1 9 8 7 ) . 

Indications 

T h e R S N T i s indica ted when s y m p t o m s are present 

in the radial sensory nerve d is t r ibut ion , a n d m o r e so 



when the s y m p t o m s are local ized to this region in 

the absence o f p rox ima l s y m p t o m s . 

Preparation 

In re la t ion to the p rox ima l c o m p o n e n t m o v e m e n t s 

of the R S N T , the prepara t ion i s the s a m e as for the 

R N T . However , the distal c o m p o n e n t s that apply to 

the wrist a n d h a n d are different. T h e y are modi f ied 

t o i nco rpo ra t e f l ex ion /adduc t ion o f the t h u m b and 

u lnar devia t ion o f the wris t so that t ens ion can be 

appl ied to the radial sensory nerve th rough m o v e 

m e n t o f the ex tensor pol l ic is brevis and abduc to r 

pol l ic is longus t endons . Effectively, this c o m b i n e s 

Finkelstein 's test with the R N T . Impor tan t ly , wris t 

f lexion is o m i t t e d because i t does n o t apply tens ion 

to the nerve a n d will t end to c o n t a m i n a t e the speci 

ficity o f the test because the ex tensor d ig i to rum 

musc les will be s t re tched in addi t ion to the t endons 

related to de Querva in ' s disease (Fig. 7 . 3 1 ) . 

Movements 

T h e m o v e m e n t s o f the R S N T consist o f the following: 

1. Scapula r depress ion. 

2 . G l e n o h u m e r a l in ternal ro t a t ion /e lbow ex ten

s ion / fo rea rm p rona t ion . 

3 . T h u m b f lex ion /adduc t ion . 

4. Wr i s t radial devia t ion. 

5. S t ruc tu ra l different iat ion - release scapular 

depress ion a small a m o u n t (Fig . 7 . 3 2 ) . 

Common problems with technique 

T h e m o s t c o m m o n p r o b l e m in t echn ique i s no t tak

ing up the slack in the wrist and t h u m b movemen t s 

fully. Th i s does no t m e a n pull hard on the wrist and 

t h u m b , but it does necessi ta te having a good feel for 

w h e n these s t ructures arrive gently a t the end of 

the i r available range. 

Normal response - the normal response to the R S N T 

is somet imes an intense pulling, stretching feeling in 

the region of the distal two-thirds of the radial fore

a rm that spreads into the t h u m b and somet imes into 

the web space and into the base of the second digit. 

T h e mos t concentra ted part of the symptoms is in the 

t h u m b along the line of the tendons that are under 

tension and somet imes this is the only region of symp

toms . T h e question of whether this is a neurodynamic 

response is supported by structural differentiation. 

Sensi t iz ing m o v e m e n t - contra la teral lateral flexion 

o f the cervical spine. 

STRAIGHT LEG RAISE (SLR) TEST 

Introduction 

T h e straight leg raise test is used to test the move

m e n t and m e c h a n i c a l sensit ivity o f the lumbosacra l 

neural s t ructures and their distal extens ions which 

consis t o f the l umbosac ra l t runk and plexus in the 

pelvis, sciat ic and tibial nerves and their distal exten

s ions in the leg and foot. 



Indications 

T h e SLR is generally applied in cases of pain and 

other symptoms in the poster ior and lateral aspect of 

the lower quarter but its use can also be warranted 

in examinat ion of the thorac ic spine because of its 

potential to produce symptoms in the lower l imbs 

with pathologies such as the thorac ic disc protrusion. 

Heel pain also warrants per formance of the S L R . 

Preparation 

T h e patient is pos i t ioned in supine and their b o d y is 

aligned symmetr ical ly . In its purest fo rm, the test is 

performed wi thout a pi l low under the patient 's head 

for reasons of consis tency. In pract ice , however, this 

is often unfulfilled by c l in ic ians because it is imprac 

tical. Consequent ly , i f the c l in ic ian prefers to use 

a pillow, I would advocate use of a th in o n e whose 

behaviour is highly consis tent . In patients w h o find 

it difficult to lie supine, clearly, the s tar t ing pos i t ion 

and technique may be modif ied. 

Movements 

T h e S L R test consis ts s imply of hip f lexion with a 

straight knee. It is impor tan t to prevent any var ia t ion 

of the m o v e m e n t s in the frontal and transverse 

planes, namely adduc t ion /abduc t ion and in ternal 

and external rota t ion of the hip. T h i s i s because all 

these m o v e m e n t s sensitize the test (for review, see 

Chapte r 3 ) . 

T h e therapist adopts a stride standing posit ion, 

facing the patient so that the therapist 's weight and 

direction can adapt to the needs of the m o v e m e n t 

during the technique. S o m e l imbs are heavier and 

more awkward to handle than others and this posi t ion 

helps the therapist change the technique as necessary. 

T h e therapist 's distal hand gently clasps the pos

ter ior aspect of the leg, immedia te ly p rox imal to the 

ankle. T h e reason for c h o o s i n g this pos i t ion is that 

some patients exper ience ankle d i scomfor t i f the ca l -

caneum is used at the con tac t po in t because the 

manoeuvre tends to draw the talus anter ior ly under 

the tibia. 

T h e therapist 's p roximal hand is then placed over 

the anter ior aspect o f the knee , e i ther immedia te ly 

distal to the patella over the t ibial plateau, or i m m e 

diately proximal to the patella over the distal inser

t ion o f the quadr iceps t endon . T h e s e hand posi t ions 

are chosen to avoid pate l lofemoral c o m p r e s s i o n and 

subsequent d i scomfor t . 

T h e l imb i s gent ly raised and the s y m p t o m s and 

physical responses are m o n i t o r e d closely. D u r i n g the 

actual m o v e m e n t , i t is c ruc ia l that the therapis t pre

vent any knee f lexion because small changes in knee 

pos i t ion will p roduce s ignif icant changes in the 

response and range o f m o t i o n . M o v e m e n t s o f the 

hip in the t ransverse and frontal p lanes are also 

con t ro l led precisely. 

Structural differentiation 

St ruc tura l differentiat ion is applied in the fol lowing 

m a n n e r : 

P rox ima l s y m p t o m s - use dors i f lexion. At this po in t , 

the therapist is in a difficult posi t ion because no hand 

is free to m o v e the ankle . Hence , a change in grip is 

necessary. T h e therapis t tu rns to face in a cephalad 

d i rec t ion , places the i r near knee on the c o u c h and 

lays the patient 's leg on their shoulder, m a k i n g sure 

that the knee r emains straight . T h e therapist 's distal 

hand then moves a round the media l aspect o f the 

patient 's l i m b and the o the r hand holds the foot so 

as to p roduce the dorsif lexion. 

I t is at this po in t essential to prevent p rox imal 

c o m p r e s s i o n of the l i m b . T h i s is because such a 

m o v e m e n t p roduces a rol l ing m o t i o n of the pelvis 

and moves the l umbope lv i c musculoske le ta l s t ruc

tures which , in t e rms of different iat ion, i s undesi r 

able. Hence , the therapist 's p rox imal h a n d and a r m 

clutch the pat ient 's l i m b so as to oppose the p rox

imal forces p roduced by the dors i f lexion, ensur ing 

accura te differentiat ion (Figs 7 .33 and 7 . 3 4 ) . 

Distal s y m p t o m s - they are probably already differ

entiated by the event of hip flexion p roduc ing distal 

symp toms . For instance, i f the pat ient reports heel or 

foot pain with the hip flexion c o m p o n e n t of the test 

whilst the foot is held s ta t ionary on the leg, the prox

imal m o v e m e n t has already produced a change in the 

distal symp toms . Hence , further differentiat ion is 

no t necessary. 

Active cervical flexion 
Structural differentiation of the S L R is often 

at tempted by the therapist asking the patient to 

perform active neck flexion. Unfortunately, this is 

entirely flawed and can produce a wide variety of false 



results. T h e inadequacy of this m e t h o d i s by virtue of 

the abdomina l muscles contrac t ing during the head 

raise, causing the pelvis to rotate posteriorly. Th i s 

reduces the hip flexion angle and often reduces the 

symptoms because of a lowering of the S L R by the 

m e c h a n i s m of reversed origin. Conversely, some 

patients activate their hip flexors which produces an 

increase in S L R angle by rotating the pelvis anteriorly. 

On account of the above, active neck f lexion in the dif

ferentiation of the S L R test i s no t r ecommended . 

Sensitizing movements 

Sensit izing movemen t s for the S L R consist o f internal 

ro ta t ion and adduc t ion o f the hip. T h e distal m o v e 

m e n t s that are used to sensitize the S L R m a k e use o f 

the foot. In these manoeuvres , the foot can be moved 

into dorsif lexion/eversion (tibial nerve bias) , dorsi-

f lexion/ inversion (sural nerve bias) and plantarflex-

ion/ invers ion (peroneal nerve b ias) . It is no t clear 

whe ther these tests differentiate specific nerve roots. 

However, as c o m m e n t e d on earlier, this principle 

may hold benefits for a small n u m b e r of patients. My 

clinical exper ience has been that, very occasionally, 

pat ients with a specific radiologically demonst ra ted 

nerve root p rob l em can f ind their symptoms more 

easily reproduced when the S L R is c o m b i n e d with a 

specific per ipheral nerve test that corresponds with 

the specific nerve root (Fig . 7.35). 

Common problems with technique 

Not holding the knee in full extension - note that the 

technique of holding the knee does not force the knee 

into extension. It merely stops the jo in t from flexing. 

Hence , even though s o m e force can be required, i t 

should not produce pain from knee extension. 

N o t con t ro l l ing m o v e m e n t s of the hip in the t rans

verse and frontal planes - this produces al terat ions 

in sensi t izat ion of the test. 



Not be ing able to m a k e the t rans i t ion f rom the 

beg inn ing o f the S L R to the end in wh ich the ther 

apist's s tanding pos i t ion changes at the middle part 

of the test. T h i s will necessi tate the therapis t paying 

part icular a t ten t ion to al tering the weight on thei r 

feet and di rec t ion o f their own b o d y smooth ly . 

Stopping hip flexion a t the f i rs t m o v e m e n t of the 

pelvis - this has been a popular technique in s truc

tural differentiation. T h e idea is that, if the pelvis has 

not moved, neither has the lumbar spine. Therefore , i f 

low back pain is reproduced, the p rob lem mus t have a 

neural aspect to it. Even though the logic for the use 

of this approach is reasonable, i t houses problems. 

Since the hip flexion angle never reaches full range, 

the neural structures are also no t moved through 

their full range. This procedure will therefore be 

prone to producing false negatives. 

Introduction 

T h e bilateral s traight leg raise ( B S L R ) is an excel lent 

test for p roduc ing m o v e m e n t of the spinal cord in 

the thorac ic and cervical regions. T h i s i s because 

forces on b o t h sides o f the neural system c o m b i n e 

along the cord to p roduce the m o v e m e n t . M o v e m e n t 

o f the cord a t the level o f the thorac ic and cervical 

regions is in a caudad di rec t ion and it is likely that, 

with a B S L R , the tens ion forces p roduced in the cord 

at the h igher levels are qui te low. It is when the spine 

is flexed that the forces would increase. Hence , the 

B S L R i s well suited to m o v e m e n t o f the middle and 

upper cord segments , ra ther than the p roduc t ion o f 

tens ion in these s tructures. 

Indications 

T h e B S L R i s ind ica ted in symmet r i ca l o r cent ra l ly 

loca ted spinal cond i t ions , t hose in the spinal canal 

a n d h igher up the spinal c o l u m n , such as the t h o r 

ac ic a n d cervical spines. A par t icu lar focus of the test 

i s to p roduce caudad m o v e m e n t in the spinal cord . 

Hence , a n o t h e r ind ica t ion wou ld be w h e n i t i s sus

pec ted that n e u r o p a t h o d y n a m i c s exist in the neura l 

s t ructures in the spinal canal . 

Preparation 

T h e pat ient is pos i t ioned symmetr ica l ly , in supine 

and near the edge o f the t r ea tmen t couch . T h e ther 

apist stands near the patient 's ankles and faces across 

the pat ient . T h e therapist places the i r distal hand 

under the lower ca l f region of b o t h legs in prepar

a t ion for the m o v e m e n t . I t is i m p o r t a n t that the ther 

apist bends their legs so as to get under the patient 's 

legs wi th their hands to m a k e the lift as easy as 

Normal response 

T h e n o r m a l response to the S L R i s pul l ing a n d 

s t re tching in the pos te r io r th igh that spreads in to 

the pos te r io r k n e e a n d s o m e t i m e s in to the upper 

third o f the calf. T h e range o f m o t i o n varies be tween 

50° and 120° (Lew & Puen tedura 1 9 8 5 ; Slater 1 9 8 8 ) 

(Fig. 7 . 3 6 ) . 

BILATERAL STRAIGHT LEG RAISE 
( B S L R ) T E S T 



possible . T h e legs are then raised on ly enough for the 

therapist to place their far knee on the bed under the 

patient 's legs so that the therapist will have enough 

suppor t and leverage to comple t e the m o v e m e n t . At 

this po in t , the therapis t places the i r o ther (p rox imal ) 

hand over the knees of the pat ient in such a way as to 

prevent knee extens ion . 

Movement 

T h e m o v e m e n t o f the B S L R i s s imply hip f l e x i o n . 

B e c a u s e the lower l imbs are held toge ther dur ing the 

test, a b rac ing m e c h a n i s m be tween the two legs 

occurs wh ich m e a n s tha t the necess i ty to con t ro l 

in ternal ro ta t ion a n d adduc t ion of the hips i s less 

than in the unilateral leg raise. 

H ip f lexion is p e r f o r m e d by the therapis t a rching 

thei r b o d y in a cephalad d i rec t ion a r o u n d the 

pat ient 's hip j o i n t a n d lifting the legs, using their leg 

that i s p laced on the b e d for suppor t . As the m o v e 

m e n t progresses , the therapis t m a y have to adjust 

the i r foot pos i t ion to a c c o m m o d a t e the change in 

forces p roduced by the m a n o e u v r e . 

An i m p o r t a n t id iosyncracy with this test is that i t 

i s c o m m o n for the pat ient 's b o d y to creep surrept i

t iously in a cepha lad d i rec t ion on the bed . T h i s 

p roduces a slight ex tens ion of the cervical spine as 

the pat ient 's occ ipu t st icks on the bed . H e n c e , i t i s 

i m p o r t a n t to con t ro l this sl iding by the therapis t 

m o v i n g thei r p rox ima l hand to the pat ient 's m i d -

thigh region a n d pressing in a distal d i rec t ion , par

t icular ly toward the end of the test. 

Structural differentiation 

Bilateral dorsif lexion is the m o v e m e n t of choice for 

differentiation of spinal s y m p t o m s because this 

m o v e m e n t is a great distance f rom the m o r e proximal 

structures. Active neck f lexion should no t be used for 

the reasons descr ibed in the sect ion on the unilateral 

straight leg raise test. Also, the t rouble with releasing 

knee extens ion in differentiation is that the conse

quent changes in hamst r ing tension are likely to pro

duce m o v e m e n t in the pelvis and alter the posi t ion of 

the musculoskeleta l s tructures in the region of the 

spinal canal . Hence , I do n o t r e c o m m e n d this move

men t . If dorsif lexion is used, the therapist will have to 

alter their h a n d pos i t ions accordingly to perform the 

m o v e m e n t passively and m a y even have to kneel on 

the bed with b o t h knees to support the patient's 

l imbs. As with the unilateral SLR, proximal forces are 

min imized to m a k e sure that structural differenti

at ion with dorsiflexion is effective. 

Normal response 

T h e n o r m a l response to the B S L R i s c o m m o n l y 

pul l ing/s t re tching in the pos ter ior thighs. My obser 

vat ion i s that the range of available m o t i o n of hip 

flexion is s o m e t i m e s larger than its unilateral c o u n 

terpar t in the same individual because of the bilat

eral effects m e n t i o n e d in the chapter on specific 

neu rodynamics , that is, the dispersion of forces over 

neura l s t ructures on b o t h sides (Figs 7 .37 and 7 . 3 8 ) . 



Introduction 

T h e tibial neurodynamic test is a variat ion on the 

straight leg raise in which the forces on the nervous 

system are biased toward the tibial nerve. Based on 

the distal course of the nerve in the lower l imb, the 

movements o f the T N T consist o f the straight leg 

raise and dorsiflexion/eversion of the ankle and foot. 

This applies direct tension to the nerve as it passes 

around the posteromedial surface of the ankle j o in t 

and enters the foot through the poster ior tarsal tunnel 

as the poster ior tibial nerve (b iomechan ics reviewed 

in Chapter 3 ) . 

Indications 

T h e T N T is indicated in patients whose s y m p t o m s 

are located in the dis t r ibut ion of the tibial nerve and 

its extensions, which consist of the poster ior t ibial 

nerve (at the ankle) , medial calcaneal nerve and the 

plantar and digital nerves. Hence , ca l f pain, heel pain 

( including plantar fasciitis) and pain in the plantar 

aspect of the foot are cases in which the test would be 

indicated. 

Preparation 

T h e pat ient is pos i t ioned as in the straight leg raise 

test. Facing caudad, the therapis t s tands wi th thei r 

feet wide apart so that, when the t ransfer of weight 

f rom their distal foot to their p rox ima l foot occurs , 

the therapist will be able to comple t e the test wi th

out having to walk toward the final stage. 

T h e therapist 's distal hand reaches a round the 

lateral surface of the foot, under the sole so that the 

fingers pass as far as possible a round to the medial 

and dorsal surface of the foot. T h e t h u m b trails by 

holding the lateral side of the foot. Th i s ensures a 

clasping act ion for ease of m o v e m e n t later in the tech

nique and encourages the therapist to initially lean 

their whole b o d y in a distal direct ion. If this leaning 

act ion does not occur, i t will be difficult to execute all 

the movemen t s wi thout mak ing significant changes 

in foot posi t ion toward the latter part of the tech

nique, which produces an undesirable j u m p in the 

manoeuvre . This is a good example of start ing in a 

difficult posi t ion so that the therapist can finish in an 

easy one (Fig. 7 . 3 9 ) . 

T h e therapist 's p rox ima l h a n d con t ro l s the knee 

m o v e m e n t in the s a m e way as in the straight leg 

raise. 

Movements 

T h e f i r s t m o v e m e n t s o f the T N T (dors i f lexion/ 

eversion) are executed at the foot, followed by the 

straight leg raise. T h e leg raise is produced as the ther

apist straightens their b o d y and uses their distal a r m 

to produce the movemen t . Generally, little m o v e m e n t 

of the therapist 's hands should occur on the patient 's 

skin. I f undue slipping occurs , i t will be necessary to 

modify the t echnique to prevent this. T h e key here is 

to make sure that the distal hand has a good ho ld on 

the foot so that this hand can init iate and cont ro l the 

straight leg raise movemen t . For it is this hand that 

does m o s t of the work, b o t h in the patient 's foot and 

hip movemen t s . As the proximal hand prevents the 

knee flexion, i t will t end to c o m p e t e with the distal 

Common problems with technique 

Not per fo rming the test precisely in the pat ient 's 

sagittal plane - frequently, the t endency is to p ro 

duce lateral f lexion of the l u m b a r spine because the 

therapist does no t move a round the pat ient well 

enough. T h e test is actually qui te difficult to per 

form well. 

No t cont ro l l ing the slide of the patient 's b o d y in a 

cephalad direct ion. 

TIBIAL NEURODYNAMIC TEST (TNT) 



hand, so good technique and efficiency on the thera

pist's part are impor t an t (Figs 7 .40 and 7 . 4 1 ) . 

Common problems with technique 

N o t s tanding wi th the legs far e n o u g h apar t - this 

reduces the therapist 's abi l i ty to t ransfer the i r weight 

f rom foot to foot . I t also creates m o r e w o r k for the 

therapis t and impedes thei r abi l i ty to follow the 

pat ient 's na tura l m o v e m e n t pat terns . 

N o t ho ld ing the pat ient 's foot cor rec t ly - the foot 

ho ld i s actual ly qui te difficult because m u c h of the 

l imb's weight is car r ied th rough this hand . H e n c e , i t 

is wor thwhi le pract is ing the grip so that it is b o t h 

comfo r t ab l e for the pat ient and cl inical ly effective. 

N o t ho ld ing the knee in extens ion proper ly - with 

the difficulty of ho ld ing the foot , i t i s c o m m o n for 

therapists to release the knee extens ion, s imply due 

t o loss o f concen t r a t i on . 

Normal response 

My observa t ion is that the n o r m a l response for the 

T N T is s t retching in the ca l f region and this often 

extends in to the media l aspect of the ankle and plan

tar surface of the foot, also beh ind the knee. I t is often 

m o r e distally focused than with the straight leg raise. 

T h e range of straight leg raise is usually be tween 4 5 ° 

and 8 0 ° . W h e n per fo rmed effectively, the leg often 

can n o t be raised as m u c h as the standard straight leg 

raise test in the same individual (Fig. 7 . 4 2 ) . 



Introduction 

T h e P N T is used to examine the mechan ica l funct ion 

and sensitivity of the peroneal part o f the nervous 

system. I t focuses pr imari ly on the c o m m o n peroneal 

and superficial peroneal nerves because they pass 

anterolaterally a long the leg and ankle j o in t and are 

therefore loaded with the PNT. T h e test focuses less 

on the deep peroneal nerve because this nerve does 

not extend far laterally over the ankle jo in t and is 

more likely to be loaded with straight plantarf lexion 

with the straight leg raise. 

Indications 

T h e P N T is indicated in cond i t ions that affect the 

anterolateral leg and ankle and dorsal foot areas. 

T h e therapist should also be willing to use this test in 

the presence o f L 4 - 5 radicular pain because , o c c a 

sionally, i t can be m o r e sensitive than the s tandard 

straight leg raise. 

Preparation 

T h e therapist adopts a stride s tanding posi t ion, fac

ing and leaning in a caudad direct ion. T h e therapist 's 

distal hand passes under the plantar aspect of the 

foot so that, by the t ime plantarf lexion/ inversion has 

occurred, the f ingers can c o m e over the top o f the 

toes, after passing distally and wrapping back over 

their dorsal surface. Th i s is impor tan t because move

men t of the toes ( innervated tissue) is an impor t an t 

part of the test and is often omi t ted . Execut ing this 

part of the technique properly will give the therapist 

the oppor tuni ty to take the nerve to its end range of 

mo t ion and will necessitate that they cradle the 

patient's Achilles t endon and ankle regions on the 

therapist 's forearm. 

T h e next step is to place the near (p rox ima l ) h a n d 

over the anter ior aspect of the t ibial plateau a n d 

grasp i t f i rmly but comfor tably . T h e j o b o f this hand 

is to main ta in the knee in ex tens ion and prevent 

internal rota t ion of the t ibia dur ing the plantar

f lexion/inversion m o v e m e n t so that the patient 's 

hip does not rotate extraneously. I f the hip were to 

rotate inwards, the accuracy of the test would be 

c o m p r o m i s e d (Fig. 7 . 4 3 ) . 

Movements 

T h e m o v e m e n t s o f the P N T consis t o f p lantarf lex

ion/ invers ion of the ankle , foot , and toes , fol lowed 

by the straight leg raise. General ly , the foot m o v e 

m e n t s are often c o m p l e t e d in the prepara t ion o f the 

t echn ique because o f the way the hand holds work . 

R e m e m b e r i n g that this is a s tandard test that takes 

the nerves and musculoskele ta l s t ructures to their 

end range, i t may alternatively be necessary to l imit 

the test on pat ients wi th sensitive p rob lems . In this 

case, the t e chn ique will be modi f ied accordingly. 

T h e leg raise c o m p o n e n t m o v e m e n t i s pe r fo rmed 

by the therapist 's distal a r m , such that the m a i n 

weigh t -bear ing surface is the therapist 's distal fore

a rm. T h i s m e a n s that the therapis t will have to 

transfer the i r weight f rom thei r front (distal) foot 

toward thei r b a c k (p rox ima l ) foot so that the move

m e n t h inges a r o u n d the patient 's hip j o in t dur ing 

the s t raight leg raise m o v e m e n t . 

Common problems with technique 

Not ho ld ing the foot cor rec t ly - in this case, the 

m o v e m e n t s of the foot will be insufficient in ampl i 

tude o r they m a y deviate in to t o o m u c h plantarf lex

ion relative to the inversion. 

Not using the distal fo rearm to p roduce the s t raight 

leg raise (hip flexion) c o m p o n e n t - this will m a k e it 

difficult to raise the leg w i thou t los ing con t ro l o f the 

foot m o v e m e n t s . 

PERONEAL NEURODYNAMIC T E S T 
(PNT) 



N o t fixating the t ib ia on the femur - this results in 

in ternal ro ta t ion o f the ent i re lower l imb , which , 

a l though i t m a y be used to sensit ize the test, is an 

ex t r aneous m o v e m e n t for the s tandard one . 

Normal response 

T h e n o r m a l response to the P N T i s s tretching/pull ing 

in the anterolateral leg and ankle and dorsum of the 

foot. W h e n i t does no t extend the whole length of this 

area, i t can occupy patches that are wi thin the distri

bu t ion o f the peroneal nerve (Slater 1988 ; Mauhar t 

1989 ; S h a d d o c k 1 9 8 9 ) (Fig. 7 . 4 4 ) . 

Sensi t iz ing m o v e m e n t s - cont ra la tera l lateral 

f lexion o f the l u m b a r spine, addi t ion o f the s lump 

test, in ternal ro ta t ion a n d adduc t ion o f the h ip 

j o in t . 

Introduction 

T h e sural n e u r o d y n a m i c test ( S N T ) is used to exam

ine for mechan ica l dysfunct ion and mechanosens i -

tivity of the sural nerve . S ince this nerve passes along 

the posterola tera l aspect of the leg, foot and ankle, i t 

is t ens ioned by dors i f lexion/ invers ion, followed by 

the straight leg raise. I t can be involved in sprained 

ankle , especial ly when the injury is severe. 

Indications 

T h e S N T is indica ted when s y m p t o m s appear in the 

posterola tera l leg, ankle and foot. Cond i t ions in 

wh ich this is par t icular ly relevant consist of sprained 

ankle , S1 radiculopathy, cubo id syndrome and pero

neal tendoni t i s . 

Preparation 

T h e hand holds for the S N T test are opposi te to the 

P N T in that the therapist 's distal and proximal 

hands are swapped over. Fac ing the pat ient t rans

versely, the therapis t s tands with their legs wide 

apart and leans in a distal d i rec t ion. Th i s is so that 

the hand that cont ro ls the foot (near hand) can clasp 

the foot a r o u n d the media l aspect of the foot as the 

fingers pass undernea th to its lateral aspect a round 

the fifth metatarsal and cubo id regions (Fig. 7 . 4 5 ) . 

SURAL NEURODYNAMIC TEST (SNT) 



Simultaneously, the o ther hand cradles the 

patient 's leg as the therapist 's upper l i m b wraps 

under the ca l f and their hand passes p rox imal ly and 

medial ly a round the patient 's leg to clasp the knee 

on the anter ior aspect of the t ibial tuberosi ty. T h i s i s 

a reaching and spiralling ac t ion , m u c h like the radial 

nerve a round the shaft of the humerus . In this fash

ion, the therapist is in a pos i t ion to fix the knee in 

extension by applying pressure over the t ibial 

plateau in a pos ter ior d i rec t ion. T h e therapist 's a rms 

cross over dur ing the es tab l i shment of this hold . 

Movements 

T h e first movement is dorsiflexion/inversion. W h e n 

the slack in this movemen t has been taken up, the foot 

is held still on the leg whilst the straight leg raise 

movement is produced by the therapist straightening 

their t runk from the leaning posi t ion and mov ing 

their body around the patient's hip jo in t . Comple t ion 

of the test involves wide ampli tude of m o v e m e n t on 

the therapist's part in which their weight is transferred 

from their distal foot toward their proximal foot. 

Common problems with technique 

Not holding the knee properly - this enables the knee 

to flex slightly, which compromises the sequence of 

movements and reduces the effectiveness of the test. 

N o t mov ing a round the patient 's hip j o i n t - this 

means that the l imb will t end to abduc t and, again, 

the effectiveness of the test is reduced. To cor rec t 

this, i t is essential to start by s tanding with the legs 

wide apart, leaning a round the pat ient and be ing 

prepared to transfer weight f rom foot to foot. 

Normal response 

T h e no rma l response to the S N T is a pul l ing/stretch 

in the posterolateral ankle region and some t imes this 

spreads into the posterolateral aspect of the ca l f 

(Moleswor th 1 9 9 2 ) . My observa t ion i s that the range 

of m o t i o n of hip flexion with this test in n o r m a l sub

jects is slightly smaller than the s tandard straight leg 

raise and is usually between 3 0 ° - 6 0 ° (Fig. 7 . 4 6 ) . 

Sensit izing m o v e m e n t s - cont ra la tera l lateral f lexion 

o f the l umbar spine, addi t ion o f the s lump test, 

internal rota t ion and adduc t ion of the hip jo in t . 

SLUMP TEST 

Introduction 

T h e s lump test i s used to evaluate the dynamics of 

the neura l s t ructures o f the centra l a n d per iphera l 

nervous systems f rom the head , a long the spinal 

cord and sciat ic nerve t rac t and its ex tens ions in the 

foot. It is a c o m p l e x test a n d is often over s implif ied, 

misunder s tood and mis in te rpre ted . In the past, the 

general t echn ique has b e e n to lower the head and 

s t ra ighten the leg whilst the pa t ient is in the si t t ing 

pos i t ion . I f the patient 's pain is reproduced , the test 

is a b n o r m a l . T h e p r o b l e m wi th this is tha t i t does 

n o t take in to a c c o u n t subtlet ies that should be 

applied in order to gain the m o s t f rom the test a n d 

offer the pa t ient an accura te diagnosis . By this , i t is 

m e a n t that sensit ivi ty and a t t en t ion to detail in b o t h 

t echn ique and in terpre ta t ion are cruc ia l in effective 

appl ica t ion o f the test. 

Indications 

Technically, any s y m p t o m from the head to the 

foot that lies in the dis t r ibut ion of the bra in and 

spinal cord cou ld warran t evaluat ion with the s lump 

test! However, cond i t ions in which the test is c o m 

m o n l y just if ied consist o f headache , pain anywhere 

in the spine or pelvis and lower l i m b p rob lems in 

which the pain is located in the dis t r ibut ion of the 

sciatic nerve and its extensions . T h e test i s m o s t c o m 

m o n l y used in assessment o f the l u m b a r spine. 

Preparation 

T h e pat ient sits wi th the pos te r io r aspect o f the i r 

knees against the edge o f the t r e a tmen t c o u c h wi th 

thei r th ighs lying parallel . T h e parallel p l acemen t 

o f the th ighs i s for reasons o f consis tency. Taper ing 

legs wi th a wide pelvis (of ten in females) p roduce 

m o r e adduc t ion o f the hips, whereas th ighs that 

are n o t tapered in the presence of a na r row pelvis 

(often in males ) will p roduce less adduc t ion . H e n c e , 

ra ther than having the knees apposed, I r e c o m m e n d 

the parallel pos i t ion o f the th ighs . Also, i f the 

knees are p laced toge ther and s o m e hip adduc t ion 

occur s , the test will have b e e n sensi t ized s o m e w h a t 

(Su t ton 1 9 7 9 ) . 



Movements 

1. Thoracic and lumbar flexion 
(slump component) 
T h o r a c i c and l u m b a r flexion are pe r fo rmed by the 

pat ient as a s lump m a n o e u v r e . M a n u a l over-pressure 

dur ing this c o m p o n e n t of the test i s in the d i rec t ion 

of t ho rac ic and l u m b a r flexion and i s applied 

be tween the C7 spinous process and the hip j o in t . 

T h i s is to reduce the vert ical dis tance be tween these 

two points in a bow-s t r ing fashion. 

A ques t ion at this po in t is whe ther the therapist 

kneels on the couch . I t is entirely opt ional , however, 

I prefer n o t to because the test m o v e m e n t s can be 

cont ro l led be t te r wi th two feet on the g round . Th i s 

will also offer the therapis t the abili ty to guide the 

patient 's foot m o v e m e n t s with m o r e precis ion which 

is especially impor t an t when treating the tall patient 

or when the therapist is part icularly short . I am a 

shor t person and have easily treated a basketball 

player the height of 7 foot 2 inches with the s lump 

test. Nevertheless, it is worthwhile practising the 

s lump test wi th b o t h approaches so that the contrast 

be tween kneel ing on the bed and not doing so can be 

appreciated. I f the therapist wants to get closer to the 

pat ient and still con t ro l l i m b movemen t s optimally, 

they can lean their near hip on the couch and spread 

their own legs further apart to take account of bo th 

spinal and l i m b movemen t s . 

A n o t h e r par t o f the tho rac ic and l umbar flexion 

c o m p o n e n t of the s lump test i s to con t ro l the angle 

of the pelvis relative to the femurs . Patients tend to 



either s lump inadequate ly by p roduc ing too little 

thorac ic and l umbar f lex ion , or, dur ing the m o v e 

ment , they fall backwards and reduce the hip flexion 

angle by allowing their s ac rum to go in to pos te r io r 

rotat ion. O t h e r patients lean in to excessive hip flex

ion and end up with their nose on their knees , which 

moves their pelvis in to an te r ior ro ta t ion and p ro

duces excessive hip f lexion. T h e s e are p rob l ems of 

consis tency and should be dealt with. T h e c l inic ian 

must therefore con t ro l the angle o f the s a c r u m by 

making sure that it stays vert ical at every stage 

th roughout the procedure (Fig. 7 . 4 7 ) . 

Overpressure 
T h e reason for discussing the subjec t o f overpres

sure is that the c l in ic ian is encouraged to del iber

ately decide on whether i t should be applied. T h e 

standard s lump test involves mi ld overpressure but , 

in deciding on whether to apply it, the therapist mus t 

take into accoun t specific in fo rmat ion , such as irr i

tability, sensitivity, la tency and con t ra ind ica t ions . In 

the event that the therapist decides to apply over

pressure to the thorac ic and l u m b a r f l ex ion par t o f 

the s lump test, the t echn ique is qui te impor t an t 

because p o o r t echnique will provoke s y m p t o m s . 

T h e therapist applies overpressure to the spinous 

process o f C7 with the medial aspect o f the i r near 

forearm/e lbow region. Th i s ensures that the hand is 

free to rest on the patient 's occ ipu t after the n e c k 

f lexion phase. Using the medial fo rea rm/e lbow also 

enables the therapist to apply different a m o u n t s of 

pressure a t C7 and the occ ipu t , depending on the 

choice of technique , and to release pressure from the 

patient 's head whilst ma in ta in ing steady pressure on 

C7 . T h e direct ion o f the overpressure i s f rom C7 to 

the hip jo in t s so as to reduce the d is tance be tween 

these cephalad and caudad poin ts (Fig . 7 . 4 8 ) . 

2. Cervical flexion 
Cervical flexion is per formed by the patient slowly 

lowering their head toward their chest. So that provo

cation of symptoms is avoided, the therapist places 

their far hand on the patient's forehead and controls 

the speed and ampli tude o f neck f l ex ion . On comple 

tion o f the movement , the range o f m o t i o n (deter

mined by prior clinical reasoning) is main ta ined by 

the therapist changing their hand posi t ion so that the 

palm of the near hand rests gently on the patient's 

occiput. T h e hand that cont ro l led the cervical f lexion 

(far hand) is thus freed to deal with the lower l imbs . 

Important ly , the ac t ion of the hand that lies over 

the patient 's occ iput is one of preventing release of 

cervical f lexion rather than applying overpressure 

into f lexion. Usually, sufficient in fo rmat ion can be 

obta ined wi thout per forming overpressure. For this 

reason, overpressure to cervical f lexion should not be 

part o f the standard s lump test (Fig. 7 . 4 8 ) . 



3. Knee extension 
T h e knee ex tens ion phase o f the s lump test i s per

fo rmed e i ther by the pat ient actively ex tend ing the 

k n e e o r by the therapis t p roduc ing the m o v e m e n t 

passively. W h e t h e r knee ex tens ion is pe r fo rmed 

actively or passively is at the therapist 's d iscre t ion 

and will vary be tween pat ients . However , I suggest a 

c o m b i n a t i o n of b o t h . In the end , the impera t ive i s 

for the therapis t to have a good unders tand ing of the 

re la t ionships be tween each d imens ion . 

In the p e r f o r m a n c e o f knee ex tens ion , the thera

pist holds the pat ient 's ankle , wh ich is the easy part . 

T h e difficult par t o f this m a n o e u v r e i s to hold the 

rest of the pat ient 's b o d y still so that ex t raneous 

m o v e m e n t s do n o t occur . T h i s necessi ta tes the ther 

apist ho ld ing thei r near hand and media l forearm 

on the patient 's occ ipu t a n d C7 sp inous process 

precisely in the s a m e pos i t ion t h r o u g h o u t the lat ter 

stages o f the test (F ig . 7 . 4 9 ) . 

4. Dorsiflexion 
Dors i f lexion o f the ankle i s the f ina l c o m p o n e n t 

m o v e m e n t o f the s tandard s lump test a n d applies 

tens ion to the l umbosac ra l nerve roots th rough the 

sciat ic and tibial nerves . I t helps to establish whe the r 

the p r o b l e m occurs in a distal or p rox imal d i rec t ion , 

but , m o r e impor tan t ly , i t is useful in differentiat ion 

o f l u m b a r s y m p t o m s . 

T h e m e t h o d o f p roduc ing dorsif lexion i s s imply 

to reach forward and downward , ho ld the foot wi th 

the who le o f the therapist 's distal hand and m a k e the 

m o v e m e n t . I t is essential to m a k e sure that the 

m o v e m e n t is pe r fo rmed efficiently because , like the 

k n e e ex tens ion c o m p o n e n t , ex t raneous movemen t s 

o f o the r c o m p o n e n t s o f the test will occu r and pre

dispose to imprec i s ion (Fig. 7 . 5 0 ) . 

5. Structural differentiation 
I f p rox imal s y m p t o m s (e.g. l u m b a r ) are evoked by 

the s lump test, the distal m o v e m e n t s , such as release 

and reappl icat ion of dorsif lexion, are used. These 

s y m p t o m s can also be differentiated by releasing 

cervical f lexion. 

T h e ma in point with releasing cervical flexion is 

that the rest of the patient's body must not move. As 

such, the therapist takes their hand from the patient's 

occiput so that cervical flexion can be released. This 

tempts the therapist into also altering the pressure of 

their medial e lbow region on the patient's C7 spinous 

process. T h e pressure must stay constant because to 

alter it would be to alter the thoracic and lumbar flex

ion c o m p o n e n t s and produce movemen t in the lum

bosacral region. Naturally, this is undesirable. T h e 

m o v e m e n t of removing the therapist 's hand from the 

patient's occ iput is made by the therapist extending 

their e lbow to take their hand out of the way of the 

rising head (Fig. 7 . 5 1 ) . 

Normal response 

I t mus t be b o r n e in m i n d that the no rma l response 

to the s lump test was establ ished for the above 

sequence and it is likely that this response will vary 

wi th changes in the sequence . 



Seated posi t ion - no symptoms . 

T h o r a c i c and l umbar flexion - s t re tching in the 

mid- thorac ic region. 

Knee extension - s t re tching in the pos te r io r th igh 

and knee regions which can ex tend to the upper calf. 

Dur ing knee extens ion , the s t re tching in the m i d 

thorac ic region can increase or decrease, or no t 

change. T h e range o f knee ex tens ion can be full, 

however i t can fall shor t by up to 3 0 ° in n o r m a l sub

jec t s . These people are often natural ly st iff and have 

been for a long t ime . 

Dorsif lexion - p roduces an increase in the pos te r io r 

thigh and knee symptoms . 

Release neck flexion - this m o v e m e n t p roduces a 

reduct ion in the pos ter ior thigh and knee s y m p t o m s 

and the available range o f m o t i o n o f knee ex tens ion 

and dorsif lexion increases (Ma i t l and 1 9 7 9 , 1 9 8 6 ; 

But ler 1 9 8 5 ) . 

Sensit izing m o v e m e n t s - cont ra la tera l lateral flex

ion, hip internal ro ta t ion and adduc t ion , foot m o v e 

ment s for each peripheral nerve. 

Common problems with technique 

Not be ing aware o f the i m p o r t a n c e o f ma in ta in ing 

a vertical posi t ion of the s a c r u m - this leads to 

incons i s tency in t e chn ique be tween test appl ica

t ions , b o t h wi th in the s a m e therapis t and be tween 

therapists . 

Pressing too hard on the cervical f lexion - the a im of 

this par t o f the test is to feel what the n e c k is t ry ing 

to do, ra ther t han press on i t or s t retch the nervous 

system. Is the head t ry ing to rise, or is the n e c k soft 

and relaxed in this pos i t ion? T h i s is par t icular ly rel

evant to pat ients wi th cover t a b n o r m a l responses , 

discussed in Chap te r 5. 

N o t con t ro l l ing sideways forces on the pat ient -

dur ing the p e r f o r m a n c e of the test, i t i s easy to lose 

focus on the m o v e m e n t s and pos i t ions that have 

already b e e n produced . F o r ins tance , w h e n reaching 

for the foot , i t is c o m m o n for the therapis t to n o t 

adjust the i r pos ture sufficiently to prevent lateral 

f lexion or a symmet r i ca l pressure on the patient 's 

bu t tocks . T h e s e m o v e m e n t s are a source of incons i s 

tency a n d will c o n t a m i n a t e the test. 

Too vigorous a t echnique - generally, as the therap

ist's t echn ique improves , the need for force reduces, 

the patient 's s y m p t o m s are no t provoked and the test 

b e c o m e s m o r e acceptable to the recipient . 

N o t isolat ing the release of neck flexion dur ing s t ruc

tural differentiation to m o v e m e n t o f the cervical 

spine. W i t h this p rob lem, the therapis t inadvertent ly 

lets the thorac ic spine, and s o m e t i m e s the l u m b a r 

spine, m o v e into extens ion, wh ich makes the differ

ent ia t ion inaccura te by increasing the l ike l ihood o f 

false posit ive results. In ex t reme cases, the pelvis also 

moves . 

Alter ing the a m o u n t o f compres s ion o f the thorac ic 

and l u m b a r spines. 

PRONE KNEE BEND (PKB) 

Introduction 

T h e p rone knee b e n d ( P K B ) i s used to test the m o v e 

m e n t and sensit ivity o f the m i d - l u m b a r nerve roots 

and the femoral nerve. I t is a good example of m a k 

ing use of the innervated tissues to p roduce a neuro 

dynamic test and this is achieved by applying tens ion 

to the quadriceps musc le wi th m o v e m e n t o f the knee 

in to f lexion . 



Indications 

T h e P K B i s ind ica ted i n cases o f low b a c k pa in a n d 

s y m p t o m s that follow the course o f the femora l 

nerve . T h i s includes the inguinal and hip regions 

a n d cases o f th igh and knee pain . 

Preparation 

T h e pat ient is pos i t ioned symmetr ica l ly in prone , 

preferably mak ing use of a hole in the couch for the 

face so that cervical rota t ion does no t occur . If a face 

hole is no t available, the pat ient can place their hands 

under their forehead. T h e thighs are pos i t ioned paral

lel so that adduct ion and abduc t ion are neutralized. 

Movements 

T h e m o v e m e n t in the P K B is s imply passive knee f lex

ion. Even though the cl inician seeks a report of the 

onset , characterist ics and behaviour o f the symptoms 

during the test, o ther observat ions are made . T h e s e 

consist o f taking no te o f when and h o w the pelvis and 

spine move . Frequently, the m o v e m e n t s differ f rom 

those that occu r on the asymptomat ic side and relate 

to the clinical p rob lem. S o m e t i m e s slight l umba r ipsi-

lateral lateral f lexion occurs but, m o r e c o m m o n l y , the 

po in t o f c o m m e n c e m e n t and speed o f lumbopelv ic 

m o v e m e n t s are asymmetr ica l . Even though i t can 

show physical deviations, the P K B does no t always 

evoke any a b n o r m a l symptoms . Th i s means that the 

cl inician mus t rely on addit ional m o r e sensitive test

ing to ascertain the significance of the findings. A key 

aspect of further investigation involves structural 

differentiation. 

Structural differentiation 

Different ia t ion o f involvement o f the femora l par t 

o f the ne rvous system can be achieved wi th spinal 

m o v e m e n t s . However , this incorpora tes the s lump 

test a n d i s n o t s tr ict ly the P K B . H e n c e , the fol lowing 

il lustrates differentiat ion o f the P K B wi thou t use o f 

spinal m o v e m e n t s . 

W h a t is often missed about the P K B in back pain is 

that, in its usual form, it does no t differentiate 

involvement of the nervous and musculoskeletal sys

tems. T h e reason for this is that the test applies ten

sion to the rectus femoris muscle which, th rough its 

a t t achment to the i l ium, results in anter ior rota t ion of 

the pelvis and extension of the lumbar spine. This 

naturally moves the intervertebral discs, posterior 

intervertebral jo in t s , muscles and neural structures 

and, at this point , is no t at all specific. S o m e clinicians 

are aware of this and take this p roblem into account 

by only mov ing the knee f lexion to the point where 

m o v e m e n t o f the pelvis and lumbar spine c o m m e n c e . 

I f back pain occurs pr ior to c o m m e n c e m e n t o f pelvic 

movemen t , the test is deemed to be positive for the 

neural structures. Clearly, even though this approach 

is a good at tempt to solve the p rob lem of differenti

at ion, it is still incomple te for two reasons. First, 

m o v e m e n t of musculoskeletal structures could pass 

unnot iced and produce a false positive result. Second, 

the knee m o v e m e n t up to this point may not be suffi

cient to move the neural structures to their end range. 

Hence , the approach will also be p rone to producing 

false negatives and is likely to exhibit low sensitivity 

and specificity. I therefore propose that the P K B be 

applied in a way that addresses these issues in struc

tural differentiation. 

Step 1 
Step 1 involves the knee b e n d c o m p o n e n t in isola

t ion . T h i s produces m o v e m e n t in all the l u m 

bopelv ic s t ructures and does no t differentiate. In the 

event that low or m i d - l u m b a r back pain occurs and 

mus t be differentiated, step 2 is pe r formed. 

Step 2 
T h e second step is to prevent pelvic m o v e m e n t m a n 

ually whilst repeat ing the knee f lexion. Th i s reduces 

the l ikel ihood of a skeletal source of pain because the 

lumbope lv ic s t ructures are held stationary, or they 

move less than in the previous m o v e m e n t at step 1. If 

back pain occurs with step 2, when i t did not with 

step 1, or the pain is m o r e severe, evidence of neural 

involvement is const i tuted. Hence , an increase in 

b a c k pain wi th reduct ion o f lumbopelv ic movemen t 

be tween the two tests suggests neural involvement. 

Step 3 
T h e th i rd step is to return the l i m b to the neutral 

pos i t ion and apply the same pressure over the 

s a c r u m as in step 2 but this t i m e in isolat ion. If no 

pa in occurs wi th this i t can be conc luded that the 

increase in s y m p t o m s wi th step 2 was no t due to 

pressure on the local musculoske le ta l s tructures 

(Figs 7 .52 and 7 . 5 3 ) . 



Normal response 

T h e normal response for the P K B i s m o s t c o m m o n l y 

stretching in the an te r ior thigh region and the l imi t 

in range of m o t i o n of knee flexion is generally 

between 1 1 0 ° - 1 5 0 ° . Var ia t ion i n range o f m o t i o n 

exists, h ighl ight ing the i m p o r t a n c e o f bilateral c o m 

parison (Davidson 1 9 8 7 ) . 

Sensitizing movements 

Hip extension - this m o v e m e n t can be added to the 

P K B in sensit izing the test. T h i s produces greater 

s train in the quadr iceps musc l e a n d theore t ica l ly 

places m o r e force on the femora l nerve and its p rox

imal ex tens ions . I t will therefore evoke thigh s y m p 

t o m s m o r e readily than the s tandard test. However , 

i t is likely that the addi t ion of hip ex tens ion is no 

m o r e specific for the nervous system than the P K B 

wi thou t hip ex tens ion (Dav idson 1 9 8 7 ) . 

Common problems with technique 

N o t paying careful a t t en t ion to l umbope lv i c m o v e 

m e n t s - it is essential to observe carefully these 

m o v e m e n t s because they can offer i n fo rma t ion on 

whe the r the pat ient i s pe r fo rming c o m p e n s a t o r y 

m o v e m e n t s that reduce t ens ion in the nervous sys

t em. By pe r fo rming the step 2 in the test, wh ich 

reduces musculoskele ta l c o m p e n s a t i o n s , the neural 

c o m p o n e n t can be exposed m o r e readily a n d to miss 

this ou t will predispose to inaccura te results. 

N o t pe r fo rming steps 2 and 3 of the P K B - this 

deprives the therapis t o f the oppo r tun i t y to focus on 

the nervous system. 

N o t ho ld ing the pelvis well e n o u g h - in my exper i 

ence , even in the soft and supple pat ient , i t is qui te 

difficult to achieve c o m p l e t e i m m o b i l i z a t i o n o f the 

pelvis. Hence , i t will be necessary to apply cons ider 

able force in an an te rocaudad d i rec t ion over the 

s a c r u m to ensure adequate con t ro l o f ex t r aneous 

m o v e m e n t s . 

Introduction 

An extension o f the femoral nerve, the saphenous 

nerve is sensory and supplies the medial aspect of the 

knee, shin and anteromedia l ankle regions. Its proxi

mal c o m p o n e n t (as the femoral nerve) passes ante

r ior to the hip jo in t in the neurovascular bundle and 

follows the course of the sartorius muscle in the thigh 

to pass poster ior to the knee jo in t , through the pes 

anserinus. I t then proceeds along the shin to the 

ankle. I t is therefore tens ioned by the m o v e m e n t s of 

hip extension, knee extension and plantarf lexion/ 

eversion o f the ankle. T h e saphenous neu rodynamic 

test is no t part icularly sensitive or specific but , on 

S A P H E N O U S NEURODYNAMIC 
TEST (SAPHNT) 



occas ions , i t can be useful in examina t ion of the knee, 

especially when the pain is located medially. 

Technique 

T h e p r o n e pos i t ion i s adop ted by the pat ient . T h e 

therapis t faces the pat ient in str ide s tanding and 

takes the pat ient 's th igh by m o v i n g thei r p rox ima l 

a r m a r o u n d the media l surface o f the lower th igh 

to the an te r ior aspect o f the knee and shin, so that 

i t can b o t h keep the knee in ex tens ion a n d raise 

the leg. T h e o ther (distal) hand holds the ankle in 

p lantar f lexion/evers ion . 

T h e test movemen t s are hip extension and plan-

tarf lexion/eversion o f the ankle. W h e t h e r internal o r 

external rota t ion o r adduct ion or abduc t ion of the 

hip can be used to sensitize the test is equivocal . I sus

pect that internal rota t ion may be of value because 

the femoral nerve passes with the sartorius muscle 

which would be elongated slightly by this m o v e m e n t . 

In any case, my r e c o m m e n d a t i o n would be to try 

either, because people are individual and there m a y b e 

s o m e var ia t ion in the b iomechan ic s o f this nerve 

proximal ly that could be taken advantage of. T h e test 

m a y be sensitized by contralateral lateral f l ex ion of 

the spine (Fig. 7 . 5 4 ) . 

Normal response 

T h e n o r m a l response for the saphenous neurody

n a m i c test is a s t retch feeling in the an te r io r thigh, 

s imi lar to the p r o n e k n e e bend . However , usually, 

m o r e hip ex tens ion occurs with this test than with 

the p rone knee bend . 

LATERAL FEMORAL CUTANEOUS 
NEURODYNAMIC TEST (LFCNT) 

Introduction 

T h e lateral f emora l cu taneous neu rodynamic test 

is s imply the p rone knee b e n d except the hip is 

taken in to adduc t ion . Like the saphenous neurody

n a m i c test, the effect of ro ta t ion of the hip i s no t 

k n o w n . Nonethe less , i t m igh t vary according to 

the passage o f the nerve a long the anter ior aspect o f 

the hip. 

Normal response 

T h e n o r m a l response for the lateral femoral cuta

neous n e u r o d y n a m i c test is a s tretch feeling in the 

an te r ior thigh, s imilar to the p rone knee bend . 

FEMORAL SLUMP TEST (FST) 

Introduction 

T h e femora l s lump test ( F S T ) is used to assess the 

m e c h a n i c a l func t ion and m e c h a n i c a l sensitivity o f 

the femora l c o m p o n e n t o f the nervous system. I t 

includes the m i d - l u m b a r nerve roots , the femoral 

nerve and thei r connec t i ons , no t to m e n t i o n all the 

associa ted musculoskele ta l s t ructures that the nerve 

innervates (quadr iceps musc le and knee j o i n t ) . T h e 

reason for using the t e rm ' femoral s lump test ' as 

opposed to the t e rm 'p rone knee b e n d s lump ' i s that 

the s lump test c o m b i n e d with knee bending is no t 

pe r fo rmed in p rone . Th i s d is t inc t ion is impor t an t 

because the pos i t ion of the b o d y relative to gravity 

inf luences n e u r o d y n a m i c test ing (reviewed in 

Chap te r 2 ) . 

T h e m o s t difficult aspect of this test i s to produce 

sufficient tens ion in the nervous system through 

spinal f lexion because the test in general is no t very 

specific to the nervous system. T h i s is part ly because 

o f the widespread lack o f extensibi l i ty o f the rectus 

femor is and i l iopsoas muscles in the general popula

t ion . Var ious ways of achieving sensi t izat ion have 

b e e n presented and, in my exper ience , the way i t 



is best accompl i shed varies be tween pat ients . T h i s 

variat ion relates to how easily full spinal f lexion can 

be obtained and the not ion that there are several ways 

of performing the FST. Not necessarily in order of 

importance, the side lying femoral s lump and the 

modified T h o m a s test, in which spinal flexion is added 

to the hip flexor stretch with knee flexion (Brukner & 

Kahn 2 0 0 1 ) , are the two under considerat ion. 

Even though ei ther test can satisfy the relevant 

clinical needs, a p rob lem with the modi f ied T h o m a s 

test is that there mus t be a focus on achieving 

full spinal flexion, and passively, whilst the pat ient 

teeters on their bu t tocks a t the edge of the c o u c h . I f 

full passive flexion is no t achieved, the test is likely to 

produce false negatives by way of insufficient spinal 

flexion. If the spinal flexion is pe r fo rmed actively, 

the test may suffer a s imilar fate to that of the 

straight leg raise by p roduc ing an al terat ion in the 

posi t ion of the pelvis on the spine and thigh. I f full 

spinal flexion can be executed fully in the modi f ied 

T h o m a s test, i t is possible that this test has mer i t s 

over the side lying s lump test because of the vertical 

posi t ion of the pat ient which helps increase the 

s lump c o m p o n e n t o f the test. 

Indications 

T h e F S T is indicated when s y m p t o m s o c c u r in the 

lumbar hip, groin thigh or knee regions. 

Side lying femoral slump test 

Preparation 
A key po in t with the F S T is whe the r the tested side 

should be in the upward or downward pos i t ion . I 

advocate the downward pos i t ion because , like the 

straight leg raise, neural responses can be p roduced 

more easily than if the tested side is pos i t ioned 

upward (Mil le r 1 9 8 6 ) . T h i s relates to the pos i t ion o f 

the neural conten ts in the spinal canal , as m e n t i o n e d 

in Chapter 2. 

No mat te r which pos i t ion the tested side is placed 

in, it is crucial to take into a c c o u n t the fact the test 

should be repeated on the oppos i te side in the same 

posi t ion relative to gravity. T h i s means that , for a 

r ight-sided test on a l i m b pos i t ioned on the down

ward side, the bilateral c o m p a r i s o n mus t be to test 

the left l imb also in the downward pos i t ion . 

Patient position 
T h e f i r s t part o f the side lying F S T i s to pos i t ion the 

pat ient on the bed so that they will be in the best 

place for the therapis t to apply the f inal hip ex ten

s ion m o v e m e n t . T h i s start to the test is effectively a 

half-foetal pos i t ion . At first, the test is qui te difficult 

to per form. However, with prac t ice i t can b e c o m e 

easy and effective. 

T h e patient is posi t ioned with the test side in the 

downward posit ion, as discussed above. A pillow can 

be placed under the patient's head to control cervical 

lateral flexion. Wi thou t a pillow, the patient's head 

rests on the bed, which produces ipsilateral lateral flex

ion. T h e upper knee and hip (non- tes t side) are f lexed 

maximal ly and held there with the patient's upward 

hand. T h e next step is for the patient to hold their own 

neck into full flexion with the downward hand. Often, 

the patient's face c o m e s into contac t with their knee. 

In which case, the patient adjusts their knee and head 

so that m o r e cervical flexion can be achieved. At this 

point , it is impor tan t to check that the patient is in the 

best place on the couch for the therapist to perform 

hip extension with knee f lexion on the test side. If not , 

i t will be necessary to realign the patient and some

t imes this can take a couple of rehearsals to obtain the 

best posit ion. T h e patient's C7 spinous process mus t 

be close to the edge of the couch so that, as will be seen 

later, the therapist can use the side of the bed as a lever 

for the control of thoracic and lumbar f lexion. At this 

point , the test l imb has not been at tended to. 

Therapist position 
T h e therapis t faces the pat ient f rom beh ind . T h e 

therapist 's cepha lad hand reaches over the pat ient to 

ho ld the edge o f the bed . Overpressure to tho rac ic 

and l u m b a r f l ex ion i s n o w essential because o f the 

general lack o f sensit ivity o f the test to the nervous 

system. Appl ica t ion of overpressure i s achieved by 

the therapis t using the edge of the couch to lever 

the i r fo rea rm o n t o the patient 's upper (non - t e s t ) 

side and knee . Pelvic f ixat ion is achieved by the ther 

apist leaning on the patient 's s a c r u m and i l ium and 

the pat ient ho ld ing thei r own knee to the i r head. 

Movements 
O n c e the proper posi t ion has been secured, the ther

apist f lexes the patient 's test (downward) knee and 

reaches under the patient 's downward thigh to hold 

the anter ior surface of the thigh. Hip extension is the 



f inal m o v e m e n t of the test. I t is crucial that the spinal 

flexion be main ta ined to ensure that the test attains 

s o m e degree o f sensitivity. Normally, the range o f 

available hip extension is small so, i f m u c h m o v e m e n t 

is permit ted, it should be suspected that the pelvis is 

no t fixated adequately. Even though symptoms of 

stretch in the thigh muscles and range of m o v e m e n t 

are two variables, an impor tan t addit ional variable 

considered by the therapist is the resistance to move

men t . Th i s is because an alteration in resistance with 

releasing and reapplying cervical flexion may be 

the only aspect to vary with structural differentiation. 

If i t does, technical ly a neurodynamic m e c h a n i s m is 

suppor ted (Fig. 7 . 5 5 ) . 

Structural differentiation 
St ruc tura l different iat ion is execu ted by the pat ient 

releasing thei r grasp on the head a n d m o v i n g thei r 

head b a c k toward the neutra l o r ex tended pos i t ion . 

Reapply ing the cervical f lexion several t imes whilst 

the therapis t feels the resis tance to hip ex tens ion can 

be the bes t way of es tabl ishing a neura l c o m p o n e n t 

to the s y m p t o m s . I t i s impera t ive here that the t h o 

rac ic and l u m b a r spines do n o t m o v e , which e m p h a 

sizes the value of the therapis t us ing the c o u c h as a 

fu lc rum for the i r cepha lad hand . 

Common problems with technique 
N o t pe r fo rming whole sp ine f lexion adequate ly -

because the F S T is n o t very sensitive for the nervous 

system, this m o v e m e n t m u s t be pe r fo rmed fully. 

N o t ho ld ing the t ho rac i c and l u m b a r spines s ta t ion

ary dur ing s t ructura l different iat ion - this is likely to 

p roduce false posi t ive results. 

Normal response 
T h e n o r m a l response for the F S T is pulling or 

s tretching in the anter ior thigh and it often feels quite 

stiff to the therapist 's hand. W h a t is interesting about 

this test is that n o r m a l subjects somet imes do not 

show a change in the thigh symptoms with neck flex

ion /ex tens ion movemen t s . However, I have found on 

m a n y occas ions that these can be false negatives 

because perfect ing the technique can change the 

response from musculoskeleta l to neurodynamic . 

T h i s change in response can c o m e in two forms. 

1 . T h e s y m p t o m response in the thigh changes 

m o r e readily when the t echn ique is perfected, 

par t icular ly the spinal f lexion c o m p o n e n t . 

2 . T h e end feel of the hip extension changes to be less 

tight on release of neck flexion - as ment ioned , 

this means that the therapist will have to repeat the 

hip extension c o m p o n e n t of the test several t imes 

with and wi thout neck flexion to sense the changes 

be tween the two neck posit ions. Subtle changes 

such as this are often missed and produce erro

neous diagnosis. 

OBTURATOR NEURODYNAMIC 
TEST (ONT) 

Introduction 

T h e obturator neurodynamic test is used to examine 

for altered dynamics in the obturator nerve, including 

mechanical function and sensitivity. It is not as c o m 

monly used as many of the other standard tests because 

the obturator region is not a c o m m o n area for symp

toms of neuromusculoskeletal origin compared with 

the sciatic and femoral areas. However, the inguinal 

region is a popular site and this is where the obturator 

test can be indicated. O n e should always be suspicious 

of an intrapelvic pathology with obturator problems, 

such as tumours (e.g. bowel cancer) , uterine disorders, 

ovarian cysts and the like. This effectively means that, if 

an obturator test is abnormal , the need for further 

investigation rises, especially when abnormali ty in the 

test coexists with a history of intrapelvic disease. 

Preparation, movements and 
structural differentiation 

T h e pat ient is pos i t ioned in the s lump posi t ion with 

neck flexion whilst the therapist stands opposi te the 



patient's knees. Th i s is because the test leg will be 

abducted to the end range, which mus t be catered for 

in the technique. Overpressure is applied to C 7 , as in 

the standard s lump test. T h e therapist applies direct 

f lexion overpressure to C7 with their forearm whilst 

their hand prevents the head from rising in two inde

pendent act ions. T h e therapist then abducts the 

patient's test l imb whilst holding the spine s ta t ionary 

(Fig. 7 . 5 6 ) . 
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Method of treatment: 
systematic progression 



INTRODUCTION 

Since this book focuses on making treatment of 
neuropathodynamics systematic, it is important to 
discuss treatment techniques in this light. A progres-
sional system of techniques is therefore presented 
that covers the spectrum of relevant components, 
starting at the mild end of the spectrum and advanc
ing to the more extensive. As with other aspects of 
clinical neurodynamics, the topic of treatment tech
niques is divided into general and specific. This 
chapter presents the general aspects of treatment 
techniques from which a range of other techniques 
is derived later in this book. 

TREATMENT GUIDELINES 

Mechanical interface 

Openers 
Interface opening techniques are those that produce 
an opening action around the nervous system and 
can consist of movements of joints, muscles and fas
cia. For example, a release technique for a muscle 
that is pressing undesirably on a neural structure is 
an opening technique, or a contralateral lateral flex
ion mobilization could be used to reduce pressure 
on a nerve root. There are two types of openers, 
static and dynamic. The static opener remains in the 
open position for a certain period of time. This 
enables blood flow to return to neural tissue so that 
oxygenation is improved, hence, the reason for time 
being involved in its application. The dynamic opener 
involves passive or active movement in the opening 
direction and naturally involves repeated movements. 

Closers 
Interface closing techniques are those that produce a 
closing action around the neural elements. This can 
be in the form of flexing or extending a joint or con
tracting or stretching a muscle. An example of a 
closing technique for a nerve root would be ipsilat-
eral lateral flexion. It is therefore important to have 
a good understanding of the biomechanics of 
the movement complex in question in addition to 
the specific neurodynamics. Technically, as with the 
openers, there are two types of closers (static and 
dynamic). However, generally, static closers are not 

usually the treatment of choice for the reason that 
maintenance of pressure on a neural structure is not 
usually desirable. 

Treatment of conditions that affect the nervous 
system through the mechanical interface (opening 
and closing disorders) are directed at normalizing 
pressure dysfunction on the nervous system. 

Reduced closing dysfunction 
Level 1 
Generally, treatment of the reduced closing dysfunc
tion at level 1 requires the interface to be opened in 
order to take pressure off the neural structures. This 
is because, usually, the dysfunction is produced by a 
lesion that either houses a space occupying element 
or increased sensitivity due to a process such as 
inflammation or ischaemia in or around the neural 
tissues. Consquently, in the early stages of treatment, 
alleviative techniques will be required until the sen
sitivity of the involved structures decreases. In the 
first progression at level 1, it is therefore preferable 
to offer the patient an opening position that relieves 
their symptoms. Initially, this is performed as a trial 
treatment and is only maintained for approximately 
30-60 seconds. This static opener sometimes offers 
several progressions, the selection of which is depend
ent on the patient's response and clinical (particu
larly neurological) status. Nevertheless, the static 
opener should never increase symptoms. If, in the 
first application, no change results, then it is worth
while repeating the procedure up to several times in 
the same session to be sure of its effect. Frequently, 
the problem improves after two or three applica
tions, probably because it takes this long to reduce 
venous congestion or improve arterial flow through 
the neural structure. If the static opener takes several 
applications to produce an improvement, this indi
cates that a degree of stability in the condition exists 
and justifies the patient performing this at home. If 
the first application of the static opener produces a 
dramatic improvement, it is not advisable to repeat 
it until the next visit, and the patient should not use 
it as a home exercise until the response is stable. The 
reason for making these recommendations is that 
the risk of symptoms increasing after a dramatic 
increase in blood flow through the neural structure 
will be minimized. In the event that the opener pro
duces a slight improvement each time it is applied in 



the first session, it is recommended that as many as 
several applications be performed, however without 
the patient performing them at home. This is so the 
therapist can establish the long-term effects of 
the technique. If, at the second session, symptoms 
improve nicely, then the patient may perform the 
opener at home. The self treatment technique 
should be performed at least several times per day 
and, if possible, once per hour. If the static opener 
produces no improvement in the first session or two, 
it is up to the clinician to decide whether or not to 
continue. Given a likely slow response, I am more 
amenable to repeating it over several treatments. 
However, if a quick improvement is expected, I 
would not dwell on the technique. If the symptoms 
or neurological signs increase with the opener, it 
should not be repeated and another direction 
should be taken. 

The reassessment points in relation to the static 
opener are symptoms at rest and neurological status. 
Neurodynamic tests and tests for the mechanical 
interface can also be performed as reassessment tools 
but, because the static opener is often applied at level 
1, these are sometimes omitted until after several 
repetitions of the opener for reasons of prevention 
of provocation. Sometimes, I do not reassess these 
until the next visit so that provocation is avoided. 

The static opener is particularly suited to spinal 
conditions that house a problem in the interverte
bral foramen with a preponderance of distal symp
toms, particularly neurological signs and symptoms. 
On occasions, its effectiveness can surprise both 
patient and therapist and can produce resolution 
of sciatica or cervicobrachialgia in a very short 
time, sometimes without the need for direct neural 
mobilizations. 

At high level 1, the opener becomes dynamic and 
is effectively a mobilization in the opening direction. 
The range at which the technique is performed is of 
course based on the patient's response but usually it 
is applied in the mid-range and can be progressed 
toward the outer range. 

Level 2 
At level 2, the direction of the mobilization changes 
to approach the pathomechanics of the problem. 
Gradually, the interface can be gently and sensitively 
closed down around the neural structures, but this is 
entirely on the basis that the patient responds well. 

Therefore, several small movements in a closing 
direction are performed as a trial treatment and the 
patient's response is monitored closely in terms 
of subjective reports and physical signs, including 
neurological examination, neurodynamic tests and 
musculoskeletal findings. 

Distinction between level 1 and 2 
Having said the above, the distinction between high 
level 1 and low level 2 in terms of changing from a 
static to dynamic technique is somewhat arbitrary 
and subject to variation and overlap. Decisions on 
this transition are based on the patient's needs. The 
main reason for presenting this approach is that 
it helps the practitioner focus on a safe, logical and 
systematic means of progressing technique selection. 

Reduced opening dysfunction 
Treatment of the reduced opening dysfunction over
laps with the reduced closing dysfunction. At level 1, 
the interface can not be opened a great deal due to 
pain provocation. Also, there is not as much concern 
about the blood flow in, and pressure on, the neural 
tissues as there is with the reduced closing dysfunc
tion. This is because the problem is not one of excess 
pressure on the neural structures. Rather, it is one of 
insufficient opening. Therefore, the treatment starts 
with mobilizations in the opening direction in much 
the same way that one would mobilize a painful joint. 
The dynamic opener is applied gently and short of 
the patient's symptoms. 

At level 2, the distance in the range taken by the 
mobilization increases to be virtually full by the time 
the problem reaches the high end of this level. In the 
process, all the relevant neural and musculoskeletal 
signs are monitored carefully. It is common for this 
dysfunction to contain a neural tension dysfunction 
which will necessitate that the mobilization enter the 
end range slowly and with particular respect to the 
neurodynamic signs. 

Excessive closing and opening 
dysfunctions 
The excessive closing and opening dysfunctions 
clearly link to instability and dynamic control of the 
mechanical interface. Therefore treatment of these 
dysfunctions takes on the motor control and stabil
ity paradigms which are not the subject of this book. 



Technique and dosage 
The slider technique is large in amplitude so as to 
ensure that the neural structure under considera
tion returns frequently toward its rest position and 
moves a great deal. This is for reasons of pain modu
lation and improvement of neurophysiological 
mechanisms, rather than forcing the neural struc
ture toward its mechanical obstacle, at lower levels. 
Sliders are performed several times at first and, 
when a beneficial response is established, they can be 
repeated several more times in the same treatment 
session. Once a good response becomes consistent, 
each movement can be performed in four or five sets 
of as many as 5-30 repetitions in the same session, 
with breaks of approximately 10 seconds to several 
minutes between sets. If an adverse response occurs, 
they are not reapplied unless the technique is altered 
to produce a beneficial effect. Generally, the patient's 
clinical pain should not occur during or after these 
techniques. At higher levels of treatment (levels 2 and 
3) sometimes, extraneous symptoms occur, such as 
heaviness, stretching and tight feelings. However, 
these are not necessarily indicators of an adverse reac
tion and, when appropriate, the therapist may coun
sel the patient to bear with these symptoms during 
the technique. Nevertheless, the patient's response 
dictates whether the sliders are useful or not. The 
slider should generally not reproduce the patient's 
symptoms and any other symptoms associated with 
its performance should subside rapidly afterwards. 

When given as a home exercise, sliders are gener
ally not offered the first time that they are performed 
in the clinic. This is because, in view of the fact that 
latent responses often occur, a 24-hour pattern should 
be established before settling on such a technique. 
The patient can commence sliders after the second 
session in which their value has been established. 
They can be performed as frequently as every hour or 
as infrequently as once per day, depending on the 
patient's needs. However, if the desire is to reduce the 
likelihood of the neural structure developing reduced 
mobility from scarring, my recommendation is to 
have them performed hourly, if symptoms permit 
and it is safe. Such cases are acute hamstring injury 
relating to the sciatic nerve or soon after carpal tunnel 
release, mastectomy or shoulder surgery. However, if 
the patient can only tolerate a small amount of move
ment due to pain or other symptoms, sometimes it is 
better to space the sliders out to once or twice per day. 

Neural component 

Sliders 
One-ended 
The one-ended slider moves the neural structures 
with the use of body movements at one end of the 
neural system. For instance, a one-ended caudad 
slider for a lumbar nerve root would be, in supine, 
knee extension with the hip flexed to 90°. The one-
ended slider technique utilizes the fact that most 
of the sliding of a nerve occurs in the mid-range of a 
neurodynamic movement (reviewed in Chapter 1). 

Two-ended 
The two-ended slider is produced by applying ten
sion at one end of the nervous system whilst letting 
it go at the other. This permits the neural tissue to 
slide toward the location at which the movement is 
initiated. An example of the two-ended caudad slider 
for a lumbar nerve root is knee extension/neck exten
sion in the seated position. 

When to apply sliders 
Slider techniques can be excellent for neural prob
lems in which pain is the key symptom. This is because 
they may milk the nerves of inflammatory exudate 
and produce increased venous blood flow thereby 
increasing oxygenation of the neural tissues. The 
result is thought to be improvement of the inflam-
mation/hypoxia cycle that develops in the nerves 
(see Chapter 3). It could also be because movement 
may help control pain at a central nervous system 
level. 

Slider techniques are also applied to conditions 
that involve specific neural sliding dysfunctions at 
low levels and serve as a primary mobilization aimed 
at treating the dysfunction. For this, they can be 
applied to the sliding dysfunctions at any level. 
Slider techniques are also used as a secondary 
mobilization for tension dysfunctions and high level 
combinations (e.g. 3c, see Chapter 6) so as to reduce 
the after-effect of mobilizations. For instance, after a 
tensioner or a multistructural technique at level 3c, 
the slider can be used to reduce any residual 'aware
ness' or discomfort. They can also be used as a home 
exercise when the patient wishes to prevent pain or 
reduce its likelihood after being involved in a pro
voking situation. 



Tensioners 
One-ended 
Just as the slider can be performed in its components 
to produce different effects, so can the tensioner. The 
therapist can take advantage of the fact that neural 
tension increases mostly at the outer range of neuro
dynamic tests (reviewed in Chapter 1). For instance, 
a mobilization can be performed in the outer range 
where the tension movement ratio in the neural 
tissues is high. For instance, in the median neuro
dynamic test 1 position, a distal tensioner for the 
median nerve at the elbow would consist of wrist and 
finger extension at the end range. 

Two-ended 
The tensioner can also be performed as a two-ended 
technique in which both ends of the nervous system 
are elongated from each end of the neural container. 
All other things being equal, the two-ended tensioner 
is likely to produce greater tension in the nervous 
system than the single-ended one. Again in the 
median neurodynamic test 1 position, a two-ended 
tensioner for the median nerve at the elbow would 
consist of elbow, wrist and finger extension and 
contralateral lateral flexion of the cervical spine. 

When to apply tensioners 
Tensioner techniques are generally more potent than 
sliders in terms of producing adverse reactions, as 
many clinicians have observed. Therefore, they are 
reserved for tension dysfunction problems at level 2 
or higher. Commonly, the tensioner is often fol
lowed by sliders for the reasons mentioned above. It 
is absolutely essential that the therapist be familiar 
with tension progressions in order to provide safe 
and effective treatment of the tension dysfunction. 
In addition, the anti-tensioner can be applied in case 
of level 1 tension dysfunction so as not to provoke 
symptoms and indeed even reduce tension in the 
neural system. 

Technique and dosage 
Tensioners are performed as a wide amplitude move
ment in which the neural structure is returned to 
its off-loaded position. This is because the aim is to 
stimulate an improvement in the ability of the neural 
structure to respond to tension changes. The response 
is on two levels, reduction of its sensitivity to tension 

and improvement of its viscoelastic behaviour. 
Hence, the aim is not to stretch the neural structure 
and it is on this basis that the term 'neural stretching' 
should be abandoned. Each movement is performed 
several times to start with and the patient's response is 
monitored closely during and after the technique. 
Given an improvement, it can be reapplied up to sev
eral times in the same consultation. Naturally, some 
symptoms will be evoked in many of the patients on 
whom tensioners are performed. However, care is 
always taken to ensure that the technique is taken 
only into a small amount of resistance and that all 
responses to the technique are small in magnitude. 
Hence, even though an improvement may occur with 
these techniques, it is preferable that this benefit is 
small so that an adverse latent response is prevented. 
In one session, I would be quite satisfied with an 
increase in straight leg raise of 5°-10° in a patient with 
lumbar and posterior thigh pain with a tension dys
function at level 2. It is likely that further improve
ments will occur if the same technique is performed 
regularly in the near future. The reason for typically 
making the tensioner a wide amplitude movement is 
not to enter the deep part of the range of motion but 
to withdraw to a point of low tension each time the 
movement is repeated. Hence, it is off-loaded prob
ably more than it is tensioned which offers a good 
recovery time with each movement cycle. 

The procedure for offering tensioners as a home 
exercise is identical to that for sliders. In terms of 
how frequently the patient is treated, my recommen
dation is to see the patient almost every day or sec
ond day for the first few treatments so that the effect 
of neurodynamic techniques is well established. 
The patient is then guided through a progression of 
neurodynamic and musculoskeletal treatment that 
ultimately helps them become independent. Ten
sioners should not produce lasting symptoms and it 
is imperative that the therapist communicate closely 
with the patient about this. I always instruct the patient 
on the importance of symptoms settling completely 
between each single movement. 

Progression through the levels 
In the early stages of treatment of neuropathodynam-
ics (e.g. level 1), treatment techniques are directed at 
improving the pathophysiology in the nervous sys
tem. Hence, techniques that provoke symptoms are 
not employed. Reiterating, the word 'provoke' is 



used to denote a lasting increase in symptoms in 
response to performance of a neurodynamic tech
nique. This is different from 'evoking' some mild 
symptoms at the time of treatment. Also, in the slid
ing dysfunctions at level 1, the recommendation is to 
move the nervous system away from the offending 
dysfunction. For instance, a lumbar caudad sliding 
dysfunction at level 1 is treated with a cephalad 
slider. As the problem improves, the neural elements 
are progressively placed in the direction of the dys
function (caudad), yet they are still mobilized away 
from it (cephalad). With the higher level mobiliza
tion, the neural elements are taken gently into the 
direction of the dysfunction, but not in a fully sensi
tized fashion. Also, the tension dysfunction at level 1 
does not usually respond well to tension move
ments, so slider techniques can be employed and 
these are designed to reduce the sensitivity of the 
neural structures and encourage movement so that 
an improvement in their ability to cope with tension 
occurs. The anti-tensioner (neurodynamic off-
loader) can also be used in this situation. 

It can be seen that, at low levels, therapy tends to 
address issues of pathophysiology through neurody-
namic treatment whereas, at higher levels, mechan
ical function becomes the focus of attention. With 
this system, the neural structures are gently and sen
sitively moved toward the problematic mechanisms 
in an incremental and systematic way that attacks 
the causative neuropathodynamics, without provok
ing the problem. As a general guideline and in rela
tion to the specific neural dysfunctions, combinations 
of the following progressions apply and these are 
illustrated in the practical parts of this book. 



Cervical spine 



S P E C I F I C N E U R O P A T H O D Y N A M I C S 

Mechanical interface 

By far the mos t c o m m o n cause of cervical radicu

lopathy is malfunct ion or pa thology in the m e c h a n 

ical interface. The sequelae then consist of pressure 

on the nerve root , reduced venous re turn , further 

increases in tissue fluid pressure and hypoxia and 

mechanosensi t ivi ty in the nerve root . This is com

p o u n d e d by the m o t i o n segment somet imes show

ing altered movemen t , which may then cause further 

neural i r r i ta t ion and inf lammat ion . Additionally, i t 

is possible for a sudden a n d short-l ived injury to 

cause long t e rm p r i m a r y neura l problems. Such tr ig

gers could consist of stretch to the brachial plexus or 

a short- l ived compress ion of a nerve root wi th an 

unaccus tomed or t r aumat i c closing m o v e m e n t such 

as extension or ipsilateral ro ta t ion or lateral flexion. 

As described in Chapte r 3 (general n e u r o p a t h o 

dynamics) , these aberra t ions should be examined 

for a n d a diagnosis on the specific n e u r o d y n a m i c 

dysfunction m a d e . 

In addi t ion to the above, the patient 's pos ture and 

habi tual activities are key e lements of the problem. 

Analysis of these aspects c o m m o n l y reveals increased 

closing, which is often p roduced by the pat ient 

r emain ing in a seated and s louched (closed) pos 

it ion for sustained per iods . The thoracic spine a n d 

cervicothoracic junc t ion flex a n d the intervertebral 

foraminae in the m i d - and lower cervical regions 

close and may deprive the nerve roots of b lood 

flow, especially when coupled wi th the possibility 

of habi tual movemen t s to one side. Fu r the rmore , a 

crucial factor is the dura t ion of the compress ion on 

the nerve roots , which translates to the t ime the 

pat ient spends in the s louched posi t ion. On release 

of the pressure, reperfusion and inf lammat ion in the 

nerve roots may occur. Hence, par t of the examin

at ion involves analysis of pos tu re a n d the du ra t ion i t 

is held by the pat ient . 

The o ther relevant scenario is a past his tory of 

t r auma , which can p roduce slow and long- te rm 

changes in the tissues a r o u n d the nerve root , result

ing in further al terat ions in pressure dynamics . 

In the pat ient wi th neck a n d a rm pain , i t is pos 

sible that two basic k inds of mechanical interface 

dysfunction exist. The first involves direct pressure 

on the nerve root a n d axons, such as that p roduced 

by a large disc bulge, and correlates with the tourn i 

quet effect. The second is the mechanical dysfunction 

in which opening and closing dysfunctions such as 

instability, hypermobil i ty and hypomobil i ty may pro

duce mechanical irritation. The end result embroils 

several c o m m o n mechanisms, namely altered intra

neural pressure, inflammation and ischaemia and 

hypoxia. Consequently, the t reatments for different 

nerve root problems at level 1 often gravitate toward 

similar techniques that initially focus on the reduc

t ion of pressure on the root. Release of pressure in this 

situation may help venous return, improve resolution 

of the inf lammatory process in the nerve root, reduce 

tissue fluid pressures and improve intraneural circu

lation. Therefore, from a clinical neurodynamics point 

of view, the mos t effective t reatment at level 1 of the 

problem with a preponderance of distal symptoms is 

usually to use opening techniques to start with. This is 

also because inflamed and exquisitely sensitive neural 

tissues generally do no t respond well to increases in 

tension or pressure. 

P H Y S I C A L E X A M I N A T I O N 

Cervical s lump test 

Levels 1 and 2 
The cervical s lump test at level 1 incorporates mod i 

fication of the neurodynamic sequence for the stand

ard s lump test to accommodate the sensitivity of the 

problem in the cervical region. With the patient com

fortable and in the straight seated position, they 

straighten their knee(s) and dorsiflex both ankle(s). 

The thoracic and lumbar spines are then flexed 

downward into the s lump position, with the patient's 

head staying vertical. With the therapist support ing 

the patient 's forehead or chin so as to supervise a slow 

descent of the head, the cervical spine can be flexed to 

the first point of symptoms. If and when symptoms 

occur, ankle dorsiflexion or knee extension is released 

a small a m o u n t . If the symptoms ease wi th release of 

the lower l imb movements , tension and caudad 

aspects to the problem may exist. If the symptoms 

increase wi th release of the knee extension and ankle 

dorsiflexion, there may be a cephalad sliding dys

function. If the pat ient can no t sit easily due to 

symptoms , they may lie supine and the bilateral or 

unilateral straight lee raise tests may be used instead. 



The level 2 cervical s lump is simply the standard 

slump test, differentiated with distal movements such 

as knee extension/flexion or dorsiflexion of the ankles. 

Level 3 
The level 3 cervical s lump test can be sensitized in cer

tain ways. The level/type 3a version (neu rodynami -

cally sensitized) is simply to perform the s tandard 

s lump test but to add contralateral lateral flexion of 

the spine ( including the neck), internal rotat ion and 

adduct ion of the hip joint . This is m o r e useful for 

unilateral problems, however, somet imes symmet 

rical techniques will be needed. The level/type 3b test 

(sensitized by neurodynamic sequencing) is some

what more exotic. Whilst the patient is in supine lying, 

the therapist performs passive neck flexion first, then 

the remaining c o m p o n e n t s of the test are added; 

thoracic and lumbar f lexion, h ip f lexion, knee exten

sion, then finalized with dorsiflexion of the ankles. 

This means that the pat ient will need to assist in sit

ting up dur ing the hip f lexion componen t movement , 

which may take some explaining and practice before 

the test is perfected. Also, it is critical that the ther

apist controls all the movements precisely and does 

not lose any components th roughout the whole m a n 

oeuvre. The key movemen t here is cervical flexion 

and control of this movemen t will necessitate the 

therapist using a hand posit ion a round the head and 

neck that accommodates the large change in pat ient 

posit ion from the lying to sitting posi t ions. For dif

ferentiation, the patient 's knees are flexed slightly or 

the ankle movements of dorsif lexion/plantar flexion 

are used (Figs 9.1, 9.2, 9.3 and 9.4). 

The level/type 3c cervical s lump test is simply per

formance of the level/type 3a test except that the 

muscles of the neck are elongated (e.g. upper trapez

ius) whilst at the end of the test. The test will therefore 

involve some degree of contralateral lateral flexion of 

the cervical spine. Once again, differentiation is per

formed with a small release of bilateral knee exten

sion whilst the therapist retests the resistance to 

elongation of the trapezius muscle. Also, contraction 

of the upper neck muscles can be resisted to see if this 

alters the patient's pain, compar ing any changes with 

and without knee extension. The same differentiation 

can be performed dur ing segmental testing of the 

cervical spine (Fig. 9.5). 

An example of the level/type 3d examinat ion for 

the cervical spine is to perform a functional provoking 

m o v e m e n t and add var ious cervical or upper l imb 

movemen t s . A valuable test is reaching downward 

(median n e u r o d y n a m i c test 2) in which the ther

apist can alter the neck lateral flexion posi t ion or 

open and close the cervical interface with var ious 

lateral flexion and ro ta t ion movemen t s . Whilst the 

symptoms are present and one of the med ian neuro 

dynamic tests is applied, wrist movements can be used 

to differentiate the proximal symptoms. Another vari

ation is that of the med ian n e u r o d y n a m i c test 1, in 

which the patient performs a throwing movement . 

This is c o m m o n l y a problem in the sport ing shoulder 



such as with swimming, throwing or serving at ten

nis. Here, the patient performs their provoking action 

and freezes in the posit ion in which their symptoms 

arise. At this point the therapist can perform struc

tural differentiation of the shoulder or neck symp

toms using wrist and finger movements (Fig. 9.6). 

Median neurodynamic test 1 

Level 1 
If performed correctly, the s tandard M N T 1 for level 

1 is generally a safe manoeuvre . The neurodynamic 

sequence is modified to take into account the 

me thod of testing at this level (Chapter 8). The key 

points are that the test is only taken to the first onset 

of proximal symptoms once and release of the differ

entiat ing movement is performed as the last move

m e n t so as no t to provoke symptoms. Therefore, 

wrist extension is released in the execution of modi 

fied s tructural differentiation of neck symptoms. The 

sequence of movement s is as follows: 

1. Patient in a comfortable posit ion, elbow flexed to 

9 0 ° - perform wrist and f inger extension, forearm 

supinat ion . 

2. G lenohumera l abduct ion in the frontal plane 

only up to 90° if permissible (slowly and gently, 

carefully moni to r ing s y m p t o m s and patient 

behaviour ) or to the first onset of proximal 



symptoms . External rota t ion is opt ional b u t is 

often not necessary. 

3. Elbow extension, to the first onset of proximal 

symptoms . If no symptoms then it is permissible 

to move to a higher level of testing, as long as the 

problem fits the inclusion criteria for level 2 test

ing (see Chapter 6 on p lanning the examina t ion) . 

4. Release wrist extension for differentiation of 

proximal symptoms . 

If the proximal symptoms occur very early in the 

range of g lenohumera l abduct ion , it is possible that 

this prevents enough elbow extension to p roduce 

sufficient tension in the distal nerves to allow differ

entiation with wrist and finger extension. In this case, 

the test can be modified wi th the elbow extended 

before the abduc t ion phase with differentiation as 

planned. This then starts to overlap wi th the M N T 2 . 

However, it should still be per formed as a modif ied 

and suppor ted M N T 1 . 

The level 2 neurodynamic test for the cervical spine 

is the s tandard M N T 1 . 

Level/type 3 
The level/type 3a (neurodynamical ly sensitized) 

MNT1 consists of the s tandard neu rodynamic 

sequence except contralateral lateral flexion of the 

cervical spine and depression of the scapula may be 

added at the end of the manoeuvre . I t may be neces

sary to perfect the technique of lateral flexion in 

order to make the test effective. 

The level/type 3b sensitization of the m e d i a n 

M N T 1 for neck problems is to start wi th contralat 

eral lateral flexion and then per form the remain ing 

movements in proximal- to-distal order. The overall 

sequence is therefore as follows: 

1. Contralateral lateral flexion 

2. Scapular depression 

3. Shoulder abduct ion/external rota t ion 

4. Forearm supinat ion 

5. Elbow extension 

6. Wrist and finger extension 

Reduced opening dysfunction with 
neural dysfunction (level/type 3c 
testing) 

In the event that a specific dysfunction in the mechan

ical interface is evident, the level/type 3c M N T 1 can 

be sensitized precisely. This is achieved by pe r fo rm

ing an open ing movemen t , such as contralateral lat

eral flexion as a general technique or localized for the 

segment in quest ion, combined wi th the remaining 

parts of the chosen neurodynamic test. So the overall 

sequence for this n e u r o d y n a m i c test is exactly as for 

level/type 3a, except the contralateral lateral flexion 

is pe r fo rmed as a local segmental t echnique . It will 

be necessary that the pat ient cooperate by ma in ta in 

ing the n e u r o d y n a m i c posi t ion themself. Also, the 

therapist will have to adjust their posi t ion so as to 

control the depression of the scapula. This is achieved 

by the therapis t gently placing their knee on the 

plinth so that the knee prevents scapular elevation (an 

in terposi t ioned towel may be necessary here) . Alter

natively, the scapular stabilization can be per formed 

by use of the therapist 's h a n d hold ing the scapula 

and the uppe r par t o f their a b d o m e n combin ing 

wi th the contralateral h a n d to per form the segmen

tal movemen t . The therapis t makes sure to pivot 

their body so that the relevant segment is moved 

correctly. This will necessitate t h e m suppor t ing the 

patient 's head part ly wi th their contralateral h a n d 

and par t ly wi th their a b d o m e n (Fig. 9.7). 

Differentiation of whether a neural componen t to 

the reduced opening mechanical interface dysfunc

t ion exists is performed by the release of wrist and 

finger extension or a small a m o u n t of elbow exten

sion. If release of these movements produces a palpa

ble change in the behaviour of the segmental opening 

(e.g. increased range or decreased resistance) or 

results in a reduct ion in proximal symptoms, a neu ro 

dynamic componen t may be implicated. I t is wor th 

perfecting this technique because it is relatively com

m o n for patients to present with this dysfunction. 

Whilst practising, it is useful for two practi t ioners to 

perform the technique on a third asymptomat ic col

league. Therapist A takes the neck and therapist B 

takes the subject's upper l imb to a reasonably symp

tomat ic end-poin t and holds it there for a short t ime. 

Whilst the neck is moved in the segmental opening 

direction several t imes, therapist B releases the wrist 

or elbow extension. The difference in resistance to 

opening with and wi thout wrist or elbow movements 

on therapist As par t is often quite palpable. Clearly, 

bilateral compar ison is essential because it is com

m o n for such effects to occur. Hence, the key aspect is 

whether asymmet ry exists and if this relates to the 

patient 's problem. 



Reduced closing dysfunct ion wi th 
neural component ( level / type 3c) 

The technique for diagnosis of the reduced closing 

dysfunction with a neu rodynamic c o m p o n e n t is to 

test the mechan i sm of closing at the same t ime as 

per forming a neu rodynamic movemen t . The fol

lowing is used as an example . 

Posit ion - the patient 's upper l imb is placed in the 

M N T 1 posi t ion. The therapist adopts a posi t ion so as 

to per form either generalized or segmental closing 

(ipsilateral lateral flexion) at the appropr ia te level. 

Movements : 

a. ipsilateral lateral flexion is c o m b i n e d with the 

pat ient per forming elbow and wrist and finger 

extension. 

b. ipsilateral lateral flexion wi th contralateral lateral 

glide - this latter movemen t is added in the event 

that movemen t a. does no t reveal sufficient infor

ma t ion . Clearly, these can be used as b o t h assess

m e n t and t r ea tmen t techniques . 

Differentiation is performed with release of wrist 

extension and/or elbow extension, as previously. 

However, the reader should remember that, because 

the causative mechanism is related to closing, decisions 

on whether to apply this technique should be made 

with circumspection, are applied gently and should 

never provoke symptoms or signs (Fig. 9.8, Chapter 6). 

T R E A T M E N T 

Mechanical interface 

Reduced closing dysfunct ion 
Level 1 
As men t ioned earlier, in the level 1 cervical radicu

lopathy, the key concern is to take pressure off the 

nerve root and improve its b lood flow and oxygen

at ion. This may be achieved by the application of the 

following techniques. For generic details on tech

nique application, see Chapter 8. 

Progression 1 - Static opener 

The static opener at level 1 for the reduced closing 

dysfunction is a particularly useful technique 

for pat ients with cervical radiculopathy with 

neurological symptoms and signs. I believe that it 



produces more significant changes in space and 

pressure in the intervertebral foramen than cer

vical traction and is especially useful for unilateral 

problems with distal p redominance of symptoms , 

such as pain and neurological changes. 

Position - the patient is placed wi th their cervical 

spine in flexion/contralateral lateral flexion and a 

small a m o u n t of contralateral rotat ion. The range 

into which these componen t s are taken will vary 

between patients according to their available 

range and symptomatology. However, I recom

mend taking the neck into as far a range as pos

sible wi thout p roduc ing discomfort . Pillows or 

raising the headpiece may be needed to offer suf

ficient suppor t (Fig. 9.9). 

A c o m m o n problem with technique here is not 

taking the cervical spine into enough flexion and 

contralateral lateral flexion. 

Progression 2 - Dynamic opener 

The dynamic opener is performed as a contralat

eral lateral flexion mobilization whilst the patient 

is in the supine position. The technique can either 

be generalized or localized, depending on the 

patient's needs. The reader will most likely be 

familiar with the technique of passive lateral flex

ion. However, in general, the therapist stands 

above the patient's head. They use their second 

metacarpophalangeal joint over the contralateral 

laminae to direct the movement and provide a 

pivot point about which the neck mus t move. In 

the meant ime , the other forearm suppor ts the 

head, while the hand on this side suppor ts under 

the patient's neck, chin and on the ipsilateral side 

at the levels to be moved (side to be opened) . The 

patient 's neck and head are therefore cradled in the 

therapist 's ipsilateral a rm and anterior aspect of 

their ipsilateral shoulder. The next manoeuvre to 

perform is to find the best joint posit ion from 

which to start and finish the mobilization. This is 

achieved by the therapist adjusting the cervical 

flexion/extension so that the symptomat ic level or 

region of the spine starts to open. Finally, the neck 

mobilization is initiated by the therapist moving 

their whole body from their feet upward a round 

the pivot point in the neck about which the lateral 

flexion will occur. Clearly, the main objective is to 

open the relevant segment or segments sufficiently 

to reduce symptoms, physical signs or neurological 

changes. The pract i t ioner adjusts the style and 

direction of the technique so as to maximize the 

opening according to the patient 's response and 

the movemen t idiosyncrasies of the patient 's cer

vical spine. The ma in aim is to p roduce lateral 

flexion so as to direct the mechan i sm toward 

open ing of the intervertebral foramen (Fig. 9.10). 

Level 2 
Progression 1 - Dynamic closer - m id - r ange 

The dynamic closer is pe r fo rmed exactly as the 

above opener except it is in the closing direct ion, 



tha t is, ipsilateral lateral flexion. Once , again the 

therapist will be able to feel which is the best 

m o v e m e n t pa t te rn to adop t for the patient 's clos

ing mechan i sm to maximize effectiveness. It is 

critical that this t echnique is pe r fo rmed slowly, 

gently, sensitively and wi th respect to subtle 

changes in the patient 's response. This t echnique 

is pe r fo rmed largely in the mid - r ange of the joint 

movemen t . As i t enters the end range it becomes 

the second progression dynamic closer at level 2. 

Progression 2 - dynamic closer - gentle end range 

The progression 2 closer is taken toward, a l though 

no t necessarily achieving, the end range of clos

ing and is generally only selected in the absence of 

neurological changes. Usually, it is per formed as a 

gentle mobil izat ion and is best no t to reproduce 

symptoms . Often at this level, the pat ient only 

shows covert a b n o r m a l responses with neurody

namic tests. 

Reduced open ing dysfunct ion 
The reduced opening dysfunction can be treated with 

exactly the same techniques as those of the reduced 

closing dysfunction. At level 1, the same technique 

(dynamic opener ) is per formed except for different 

reasons. With the reduced closing dysfunction earlier, 

the a im is to reduce pressure on the nervous system. 

Whereas , wi th the reduced open ing dysfunction, i t is 

to improve the opening mechanism, even though the 

effects of the two mobil izat ions can overlap some

what . At level 1, the static opener is generally no t used 

because, in acute pain states, to sustain the m o t i o n 

segment in the direct ion of provocat ion would 

increase symptoms . 

To advance the technique th rough the levels, the 

level 1 technique only passes a small a m o u n t into 

the desired m o v e m e n t and is in the form of a 

repeated mobi l iza t ion. At low th rough to higher 

level 2, i t passes into the mid- range and outer or end 

range. 

Neural dysfunct ions 

Genera l i zed two-ender sl ider 
As m e n t i o n e d before, the two-ender slider is one of 

the mos t useful techniques in the t r ea tment of neu-

ropa thodynamics , probably because i t p romotes 

m o v e m e n t w i thou t generat ing m u c h tension in the 

nervous system. The neck is no exception to this and 

the technique can be used at all levels of problems, 

especially level 1, and before and after other tech

niques to provide a relieving or settling effect. 

Position - the pat ient lies supine whilst the symp

tomat ic upper l imb is placed in the appropria te 

posi t ion for the relevant upper l imb neurodynamic 

test (e.g. M N T 1 ) . The degrees of shoulder abduct ion 

and elbow extension are part icularly impor tan t in 

deciding on the extent to which the nerves are 

moved and are selected judiciously. The therapist 

suppor t s the patient 's head and neck so as to be able 

to glide the patient 's neck in an ipsilateral direction. 

It is i m p o r t a n t that the head is moved in a transla-

tory fashion so as to maximize the gliding of the 

neural tissues toward the ipsilateral shoulder, rather 

than focusing on lateral flexion. Having had prior 

practice at per formance of the neurodynamic test, 

the pat ient then performs elbow extension whilst 

the therapist glides the head in the ipsilateral direc

t ion. The chosen level of mobilization can be set up 

for a generalized technique or one for a specific 

level. This technique should not evoke any signifi

cant symptoms . It can also be reversed so the nerves 

are glided to the opposi te side by the performance of 

a contralateral slide with elbow flexion rather than 

extension. This will necessitate the therapist changing 

sides to control the neck and head movements . 

Hence, the two techniques incorporate the following 

movements as shown in Figures 9.11 and 9.12. 



Tension dysfunct ion 

Low level 1 - position away/move away 
At level 1, my recommenda t ion for a good off

loaded posit ion for the lower cervical nerve roots is 

as follows. The patient is posi t ioned in supine wi th 

their scapula elevated and their a rm beside their 

side. Some patients with an acute C 5 - 6 nerve root 

problem in fact aim to achieve this by raising their 

a rm above their head themselves which is mos t 

likely effective th rough achieving scapular elevation. 

The neck is placed in the most comfortable posi t ion 

possible. This is usually a slight degree of flexion 

to reduce pressures and tensions in the interface, 

ipsilateral lateral flexion and a small degree of 

ipsilateral rotat ion. Clearly this posi t ion releases 

forces on all the s t ructures in the upper quarter . 

If this provides some relief, it is r e c o m m e n d e d that 

the pat ient adopt the posi t ion for their own pain 

relief (Fig. 9.13). 

The second progression is to mobilize the neural 

tissues further into an off-loaded posi t ion, then back 

to the starting posi t ion. Elevation of the scapula 

is therefore a posi t ion and m o v e m e n t of choice. 

It can be mobilized or may remain in posi t ion 

whilst the therapist performs o ther techniques. In 

the event that it is mobil ized, the technique is 

performed by the therapist suppor t ing the whole 

shoulder girdle with their proximal hand and 

forearm whilst the o ther h a n d and forearm suppor t 

the patient 's elbow and h a n d . The movemen t is 

per formed gently and slowly and wi th respect to the 

patient 's s y mp t o ms . 

In the event that the scapula is no t mobil ized to 

reduce tension in the neural s t ructures , a suggested 

progression at level 1 is that the contralateral upper 

l imb be placed in a neu rodynamic posi t ion (e.g. 

M N T 1 to reduce tension in the ipsilateral neural t is

sues, see Chapte r 2) and gently mobilized. The ipsi

lateral straight leg raise can also substitute the 

contralateral M N T 1 , if so desired. 

High level 1 - position towards/move away 
Subsequent progressions at level 1 that utilize the 

contralateral M N T 1 or leg raise involve add ing a 

small a m o u n t of tension to the nerve roots t h rough 

applicat ion of the ipsilateral M N T 1 , whilst they are 

still mobil ized away from tension with the use of the 

contralateral M N T 1 . Hence , even t h o u g h a small 

a m o u n t of tension is applied to the nerve roots wi th 

c o m p o n e n t s of the ipsilateral M N T 1 (posi t ion 

towards) , they are still mobil ized in a direct ion that 

reduces tension (move away). The therapis t may use 

scapular depression, shoulder abduc t ion or e lbow 

extension. Fu r the rmore , the a m o u n t of tension du r 

ing the mobil izat ion may well be less than in the 

anatomical posi t ion and that which is p roduced by 

the patient 's daily movemen t s . 



Level 2 - position away/move towards 
At level 2, when the problem has settled somewhat , 

the mobilization of choice is as follows. The patient is 

again posit ioned in supine and in the contralateral 

M N T 1 posit ion, however movement of the ipsilateral 

M N T 1 is introduced (position away/move towards). 

The first progression is to perform the ipsilateral 

M N T 1 whilst the contralateral one is posit ioned prior 

to the mobilization. This is to ensure that tension that 

is applied to the nerve roots commences in a tension-

reduced situation and prevents an undesirable build

up of force. Generally, the technique is to perform the 

suppor ted M N T 1 (if necessary) and produce a gentle 

scapular depression movement with a degree of 

elbow extension already posi t ioned or vice versa. It 

is opt ional as to whether the wrist and fingers are 

extended. Naturally, this is influenced by the patient 's 

response (Fig. 9.14). 

Subsequent progressions are achieved by add ing 

m o r e distal tension to the mobi l izat ion (ipsilateral 

MNT1) with the addi t ion of shoulder abduct ion and 

the rest of the c o m p o n e n t s of the M N T 1 , depend ing 

on the patient 's response. 

The final progressions at high level 2 are produced 

with reduct ion of the 'assistance' given by the 

contralateral M N T 1 . Therefore, gradually, each com

ponen t is removed whilst the therapist mobilizes 

the ipsilateral M N T 1 . Reduction of the posi t ions of 

contralateral elbow extension and glenohumeral 

abduct ion would be useful progressions whilst the 

therapist heads toward performance of the MNT1 

without any componen t s of the contralateral test 

being present. 

Level 3 
The key aspect of level 3 t rea tment is sensitization. 

The tension dysfunction is sensitized neurodynami-

cally (level/type 3a) with the addi t ion of contralat

eral lateral flexion of the neck and /o r depression of 

the scapula. The key points about tensioners for the 

neck are to perform them as two-ended tensioners, 

make the ampl i tude of movement large so that 

re turns to the non- tens ion posi t ion are cyclic and 

no t likely to provoke symptoms and perform them 

slowly and gently with respect to the patient 's symp

toms (see Chapte r 8 on m e t h o d of t rea tment ) . 

The M N T 1 is per formed with the neck posi

t ioned in contralateral lateral flexion. This is 

achieved by the therapist placing the l imb in the cor

rect posi t ion then placing their distal hand over the 

super ior aspect of the scapula for stabilization pur

poses. The o ther hand is then used to produce lateral 

contralateral flexion whilst the pat ient performs 

elbow extension and flexion. The start ing posit ion is 

ipsilateral lateral flexion with little pressure on the 

scapula, the patient 's elbow flexed with the wrist 

and fingers extended. The mobil izat ion involves 

contralateral lateral flexion, pressure on the scapula 

to either stabilize or depress it slightly as the patient 

s traightens and bends their elbow through a large 

range of m o t i o n (Fig. 9.15). 

Reduced opening dysfunct ion with 
neural tension dysfunct ion 

The reduced opening dysfunction and tension dys

function can be treated with quite specific tech

niques. Localized contralateral lateral flexion of the 

appropr ia te spinal segment can be combined with 

the tensioner as above. The t rea tment technique for 

this dysfunction is illustrated unde r level/type 3c 

examinat ion for this dysfunction (p. 164). Also, 

mobil izat ions can be per formed on the patient 's 

spinal joints whilst the pat ient is in p rone and their 

upper l imb in the neurodynamic posit ion of choice. 

Another opt ion with the reduced opening with 

neural tension dysfunction is to perform muscle 



release techniques in the upper l imb neu rodynamic 

posit ion. This is particularly impor t an t because so 

many of our pat ients present with muscle dysfunc

tions in combina t ion with neuropa thodynamics . In 

the reduced opening dysfunction with a neural ten

sion componen t , gentle contract-relax and other 

muscle release techniques can be per formed m a n 

ually with scapular depression and contralateral lat

eral flexion. It is opt ional as to whether the pat ient 

mobilizes their elbow into extension or per forms 

other neurodynamic techniques. Nevertheless, the 

upper trapezius, myelohyoid and levator scapulae 

muscles are particularly relevant here (Fig. 9.16). 

Reduced closing dysfunct ion and 
neural tension dysfunct ion 

This dysfunction can be treated with the contralat

eral lateral glide of the cervical spine, combined with 

ipsilateral lateral flexion at the segment concerned. 

In this case, the same M N T 1 technique is applied by 

the patient as above whilst the therapist mobilizes 

the cervical spine into the contralateral glide pos

ition and performs a gentle closing action at the 

appropria te segment. This t echnique is performed 

gently and with sensitivity with specificity focusing 

on the correct spinal level. It is shown in examina

tion on page 164. 

H E A D A C H E 

Introduction 

Headache is vexing for bo th pat ient and pract i t ioner 

because it is a complex problem and involves many 

factors that can interact in the same patient . Much 

has been wri t ten on headache, such that it is not 

practicable to cover the theory of this massive sub

ject. However, wha t can be said is that different cat

egories of headache have been offered in an a t t empt 

to link causative mechan i sms to the different syn

d romes that appear clinically (IHS 2000). Some of 

these categories include cluster headache, migra ine 

(with and wi thou t aura ) , tens ion- type headache and 

cranial neuralgia. Unfortunately, no th ing in this 

classification is m e n t i o n e d on the potent ial role of 

adverse neurodynamics . Irrespective of this, possible 

mechan i sms that relate to clinical neu rodynamics 

are those in which the musculoskeletal system 

dynamical ly influences the nervous system. The 

reader is referred to Shacklock et al (1994) for a 

review of the neu rodynamics of cervical spine and 

bra ins tem. 

A particularly c o m m o n headache that relates 

the musculoskeletal system to the nervous system 

is that caused by altered mechanics in the upper 

cervical and suboccipital regions. This involves c o m 

binat ions such as the forward head pos ture , hypoac-

tive longus coli muscles, hyperactive and shor tened 

rectus capi tus poster ior muscles a n d stiff upper 



cervical jo ints . These features are often associated 

wi th a stiff thoracic spine. It is likely that reduced 

m o v e m e n t and excessive kyphosis in the thoracic 

spine will impa r t altered forces on the cervical 

region because the neck mus t move differently to 

compensa te for the stiffness in the thorac ic region. 

The pos i t ion of h igh bra in s tem tension is one of 

uppe r cervical flexion. Interestingly, a part icularly 

c o m m o n pos tura l imperfect ion in this region is 

the forward head pos tu re in which the upper cer

vical region is extended. The ho ld ing of this posi t ion 

by the pat ient is likely to p roduce two consequences 

for the nervous system: a. a reduc t ion in tension 

in the b ra in s tem a n d b. an increase in pressure 

on the occipital nerves as they pass t h r o u g h the 

rectus capitus muscles on their way to the head. In 

short , an imbalance may exist which consists of 

decreased m o v e m e n t and tension in the bra in s tem 

tissues and increased pressure on the occipital 

nerves. In addi t ion , it is possible that an increase in 

neura l tension in the thoracic cord and d u r a could 

be a p r o d u c t of excessive thoracic kyphosis or insuf

f icient per iodic reduc t ion of tension wi th daily 

movemen t s . 

Clinically, the above m e n t i o n e d p rob lem may 

manifest itself as an a b n o r m a l uppe r cervical s lump 

test, the testing for which follows. 

Upper cervical s lump test (UCST) 

Mechanica l interface 
Relevant s t ructures in the mechanical interface in 

relation to cervicogenic headache are the uppe r cer

vical joints and muscles. These m u s t be tested indi 

vidually as a rou t ine par t of examina t ion as a means 

of coming to an unde r s t and ing of their possible 

relat ionship to the nervous system. Passive accessory 

a n d physiological m o v e m e n t s a n d muscle funct ion 

are evaluated, whereby the pa t te rn of changes is 

c o m p a r e d wi th the pa t te rn of n e u r o d y n a m i c tests. 

For instance, if contralateral lateral flexion is 

reduced wi th isolated testing of the uppe r cervical 

joints , and this restr ict ion increases wi th the upper 

cervical s lump a n d varies wi th s t ructura l differenti

at ion, then a n e u r o d y n a m i c relat ionship to the m u s 

culoskeletal dysfunction may be suppor ted . Uppe r 

cervical flexion is the key m o v e m e n t in which the 

muscu la r re lat ionship wi th the nervous system is 

evaluated. 

Level 1 
Examination 
In performing the level 1 upper cervical s lump test, 

the pat ient is seated on the couch, as in the starting 

posi t ion for the s tandard s lump test. The main dif

ference between this and the s tandard general test is 

tha t the cervical c o m p o n e n t is performed last (start

ing remotely). An opt ion is to perform the move

ments in a sequence that combines convenience with 

care. In the sitting posit ion, the movements can be 

performed in the following order; ankle dorsiflex-

ion/knee extension, lumbar and thoracic flexion and 

lastly, cervical flexion. The movements are ceased at 

the f i rs t onset of symptoms and modified structural 

differentiation is achieved by releasing knee exten

sion. Clearly, it is no t necessary to perform all the 

c o m p o n e n t movements or to take them to their full 

range. For instance, i t might be adequate to omit the 

dorsiflexion and only perform knee extension and 

lumbar and thoracic flexion. If the headache were to 

be reproduced with thoracic flexion, structural dif

ferentiation would also be performed by the release 

of knee extension or dorsiflexion. Since care is the 

key par t of this technique, it is necessary to manual ly 

suppor t and control the neck f lexion componen t and 

to perform the movemen t slowly with close attention 

being paid to the patient 's symptoms. 

Treatment 
Interface and innervated tissue problems can natur

ally be dealt with according to the tissue and method 

preferred by the pract i t ioner. Since it is likely that 

the patient 's symp toms will be easily provoked, it 

will be necessary to use techniques of only small 

force. 

Neural sliders 

Sliders are a valuable opt ion in the t rea tment of 

cervicogenic headache with a neura l c o m p o n e n t 

when the p rob lem occupies the level 1 category. 

Such mobil izat ions can be achieved by performance 

of the bilateral straight leg raise (one-ended slider) 

whilst the neck is pos i t ioned in the mos t comfort

able posi t ion for the patient . Often the posit ion 

of choice is upper cervical neutra l flexion/extension, 

or slightly extended, to reduce neural tension. It 

m igh t also be necessary to place the upper cervical 

spine in relation to the mechanical diagnosis. For 

instance, in a reduced closing interface dysfunction 



at C l - 2 , the neck may be placed in slight localized 

opening (contralateral lateral flexion) pr ior to 

starting neural mobil izat ions. Even t h o u g h head 

movements are not used in this par t icular proced

ure, a slider may be achieved by p roduc ing a large 

ampl i tude ipsilateral straight leg raise wi thou t p ro 

ducing a great deal of tension because the neural 

tissue in the upper neck is not elongated pr ior to 

neural movement . Hence movement , ra ther than 

tension, is the key event. An alternative to use of 

the straight leg raise is to gently mobilize the ipsilat

eral M N T 1 . 

The same would apply for the different interface 

dysfunctions in which the star t ing posi t ion of the 

interface would be influenced by the dysfunction 

and the patient 's symptomatology. 

Level 2 
Examination 
The level 2 upper cervical s lump examinat ion for 

headache is simply the s tandard s lump test bu t with 

emphasis placed on analysis of the s t ructures in the 

upper cervical region. In the s lump posi t ion, upper 

cervical movement s are palpated and moved pas

sively and related symptoms investigated. Headache 

symptoms are somet imes evoked or reproduced by 

this level 2 test but , more commonly , it is the covert 

abnormal response (Chapter 5) that reveals a neural 

componen t to the problem. This is usually in the 

form of subtle t ightness in the cervical flexion 

componen t of the test and the t ightness changes 

with releasing knee extension. The symptoms may 

also be altered with contralateral lateral flexion of 

the neck which is often t ighter than ipsilateral lateral 

flexion. 

Treatment 
Sliders 

Treatment of headache at level 2 when it has 

neurodynamic relationships consists of neural slid

ers, tensioners and interface techniques . These are 

accomplished by the therapist a n d pat ient working 

together to produce the correct movemen t s . 

Sliders for the cervicogenic headache patient are 

executed by combin ing upper cervical movement s 

with the M N T 1 or leg movemen t s (Fig. 9.17). 

The above is pr imari ly suited to a unilateral 

headache, however, in symmetr ica l problems, the 

movemen t s can be modified. Instead of the M N T 1 , 

lower l imb movemen t s can be used and the neck 

movemen t s will be pe r fo rmed in the sagittal plane 

i.e. flexion/extension. For instance, upper cervical 

extension would be per formed with the straight leg 

raise for a distal slider and vice versa for a proximal 

slider. 

Tensioners 

At level 2, tensioners can be applied in the form of 

combin ing upper cervical flexion and contralateral 

lateral flexion wi th lower l imb movemen t s . The 

movemen t s are natural ly graded according to the 

patient 's needs. These techniques can also be c o m 

bined with the M N T 1 . 

Upper cervical s lump test -
level/ type 3a 
The UCST is derived from the principles of n e u r o 

dynamic sequencing as m e n t i o n e d in the chapter on 

general neurodynamics . At level/type 3a, the s tandard 

s lump test is per formed and the sensitizing m a n 

oeuvres are added to the test. The ma in sensitizing 

m o v e m e n t consists of contralateral lateral flexion of 

the uppe r cervical spine. I t will then be necessary 

to change the h a n d posi t ions and movemen t s to 

a c c o m m o d a t e the difference in technique from that 

used in the s tandard s l ump test. 



Upper cervical s lump test -
level/ type 3b ( local ized) 
Examination 
Technique 

My experience is that the level/type 3b examina t ion 

is an essential aspect of assessment of the pat ient 

with cervicogenic headache that is no t easily detected 

with physical examina t ion . It is m u c h more sensitive 

t h a n testing at lower levels because it biases forces to 

the upper cervical region a n d is therefore m o r e spe

cific and localized. 

Posit ion - the pat ient lies supine on the bed wi th 

a pillow under their head. Their body is symmetrically 

pos i t ioned. The therapis t s tands facing across the 

patient. The therapist plans their posi t ion so as to be 

able to walk a couple of short paces dur ing the tech

nique which means that their feet should be approx

imately a me t re apar t . The therapist 's m o r e cephalad 

h a n d cups u n d e r the patient 's occiput by using the 

pa lmar surface of their hand . The second h a n d hold 

is executed by the therapis t placing the first web 

space of their o ther h a n d a r o u n d the front of the 

patient 's mand ib le so that uppe r cervical flexion can 

be pe r fo rmed by the combined act ion of b o t h 

hands . It is imperat ive at this po in t that the therapist 

has in their m i n d the correct m o v e m e n t for upper 

cervical flexion. It is p roduced by ro ta t ion of the 

head a r o u n d an axis tha t passes approximate ly 

t h rough the patient 's ears, as if the patient 's head is a 

wheel rotat ing abou t its axis. The m o v e m e n t should 

no t result in re t ract ion or p ro t rac t ion of the 

patient 's head on their spine. A shor t practice of this 

m o v e m e n t is appropr ia te before proceeding wi th 

the rest of the test. The next step is to check that that 

pat ient can brea the freely a n d is comfortable whilst 

their neck is in upper cervical flexion. The therapist 

should also ask whe the r the pat ient experiences any 

jaw prob lems , or is likely to, with this technique . If a 

p rob lem exists, t hen i t may no t be possible to per

form this technique , or i t migh t be necessary to 

adapt to the patient 's needs by altering the h a n d 

posi t ions or no t per forming the uppe r cervical flex

ion as fully as desired (Fig. 9.18). 

Movemen t - the movemen t s of the UCST consist 

of upper cervical flexion, lower cervical flexion, thor 

acic flexion, l u m b a r flexion and, finally, h ip flexion. 

In addi t ion to this m a n o e u v r e being m o r e localized 

to the uppe r cervical region than the s tandard test, 

it provides the o p p o r t u n i t y to progress easily to a 

level/type 3c (mult is t ructural ) examinat ion, by way 

of pat ient pos i t ioning and the therapist 's h a n d 

holds . Hence, it is a stepping stone between levels 3a 

and c. Before the application of the first movement 

(upper cervical flexion), it is explained to the patient 

that the test will involve flexion of their head toward 

their chest and immediate ly after this they will have 

to sit themselves up . The therapist also says that they 

will assist in the s i t t ing-up action bu t it is imperative 

that the 'chin tuck' pa r t of the test be maintained 

once it is applied. If the pat ient experiences difficulty 

in brea th ing or talking they should raise a finger, at 

which point , the pat ient is released from the pos

it ion and a solut ion discussed. It is c o m m o n for 

pat ients to no t be able to speak easily so it is impor t 

an t to communica t e accurately. 

Upper cervical flexion is performed passively by 

the therapist , followed by lower cervical flexion. The 

pat ient then sits up by flexing their thoracic spine 

first, followed by lumbar and hip flexion. This is a 

po in t where the hand that cups the patient 's occiput 

swivels on the occiput so that , by the t ime the final 

posi t ion is arrived at, the therapist 's h a n d is in a 

posi t ion to hold the upper cervical flexion fully. The 

final posi t ion is consequently a long sitting s lump 

with emphasis on upper cervical flexion (Fig. 9.19). 

Structural differentiation 

Structural differentiation is performed by the 

pat ient flexing their knees. This often produces a 

reduc t ion in the patient 's symp toms and tightness in 

the uppe r cervical flexion to the therapist 's feel. 



Normal response 

The c o m m o n response in no rma l subjects for the 

UCST is t ightness in the cervical region. However, 

this does not always occur. Some people feel no th ing 

but stretching in the thoracic region. In the clinical 

context, the key aspect is to establish whether changes 

in the cervical region are adverse to the therapist 's 

feel which takes m u c h practice and performance 

of the test on many people. However, with experi

ence, the therapist will quickly be able to establish 

whether the test behaves in a 'desirable' way. The 

changes that would suggest otherwise are pain , 

tightness and stiffness in the cervical region or head. 

These alter with s tructural differentiation and occur 

on the same side as the patient 's headache. 

Upper cervical s lump test -
level/type 3c 
The main extension that this level and type of test

ing provides over the level/type 3b UCST is that the 

interface and innervated tissue s t ructures can be 

tested simultaneously. This involves opening and 

closing mechanisms at the upper cervical joints and 

contract ion of the muscula ture in the area. 

Technique 
The technique for the UCST at level/type 3c is to 

perform the test at level/type 3b, as described above, 

with the addi t ion of variat ions in lateral flexion and 

rotat ion, particularly in the contralateral direction. 

By far the most c o m m o n movemen t to be abnormal 

is contralateral lateral flexion, such that specific 

e laborat ion on this aspect is necessary. 

Once the pat ient has reached the end range upper 

cervical s lump posi t ion, the therapist performs con

tralateral lateral flexion of the upper cervical joints. 

The therapist m u s t be familiar with the axes of 

rota t ion for the specific joints in this region so that 

localization of stresses to these sites can be specific. 

Generally, because these joints do no t provide m u c h 

lateral flexion the m o v e m e n t should only occur over 

a small range of m o t i o n . If a large a m o u n t of lateral 

flexion results, the m o v e m e n t is probably not suffi

ciently localized to the correct joints a n d m u s t 

be revisited. The therapist will have to make small 

adjus tments to their h a n d posi t ions to achieve local

ization to the r ight location. Generally, the thera

pist's f ingers of the h a n d that holds the patient 's 

occiput will need to spread further apar t and move 

closer to the upper cervical joints so that forces can 

be directed toward this site. All it takes to p roduce 

lateral flexion to the ipsilateral or contralateral side 

is reversing the direct ion of the movemen t , ra ther 

than changing the h a n d holds . Bilateral compar i son 

of lateral flexion to bo th sides is essential. W h e n the 

manoeuvre is completed , the knees are flexed and 

the same movemen t s are repeated. Changes in the 

contralateral lateral flexion wi th knee extension and 

flexion are c o m m o n and usually the manua l resist

ance to contralateral lateral flexion increases wi th 

knee extension (Fig. 9.20). 



In addi t ion to testing the open ing and closing 

mechanisms of the upper cervical spine with the 

UCST, the muscles in the area can also be tested. This 

is pe r fo rmed by the therapis t resisting active uppe r 

cervical extension a n d ipsilateral lateral flexion. The 

rectus capi tus muscles are thus contracted, applying 

force to the occipital nerves and testing the dynamic 

relat ionships be tween the muscu la r a n d neura l com

ponents . Coaching of the patient with this manoeuvre 

is somet imes necessary. 

D u r i n g s t ructura l differentiation of the above 

manoeuvre , the knees are flexed. W h a t is commonly 

found in the a b n o r m a l si tuation is that the patient 's 

symp toms are reproduced, or a covert abnormal 

response occurs , m o r e easily when the knees are 

extended. 

Treatment of this p rob lem involves mobil izat ions 

and muscle release techniques, including contract / 

relax, in the neu rodynamic posi t ion, depending on 

which s t ructures are involved. 
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T H O R A C I C OUTLET S Y N D R O M E 
A N D S H O U L D E R PAIN 

Introduction 

Prob lems in d iagnos i s a n d t rea tment 
Thoracic outlet syndrome is a controversial subject 

because authors disagree on its existence, me thod of 

diagnosis, and t reatment . These discrepancies exist for 

several reasons. The first is related to its definition. 

There are probably different kinds of thoracic outlet 

syndrome and different health practit ioners test for 

their own parts of the problem. So in terms of examin

ation, w h o you see is what you get. Hence, the first 

problem in diagnosis lies in the focus of the health 

practitioner. The vascular surgeon considers whether 

vascular changes exist. The neurologist looks for a 

reduction in conduct ion velocity. The same patient 

may be cleared of vascular and neurological changes, 

yet the treating therapist establishes that neuropa tho-

dynamics exist by performing sensitized neurody-

namic testing. The problem might actually be caused 

by mechanical irritation of the brachial plexus with

ou t vascular or neurological conduct ion problems. 

The second riddle is related to the m e t h o d of 

diagnosis. The vascular surgeon examines the b lood 

vessels, the neurologis t evaluates the conduc t ion 

velocity and the therapis t assesses neurodynamics . 

Because the differences be tween each moda l i ty of 

testing are radical, a n d the syndrome can house 

c o m p o n e n t s of different k inds , each m e t h o d of test

ing fails to dis t inguish all the causative mechan i sms . 

This then p roduces false negative results. 

The third problem relates to the fact that the nor

mal response to tests (e.g. vascular tests that make use 

of shoulder abduct ion) often overlap with abnormal 

responses. This then produces false positive results, 

which challenges the specificity and sensitivity of the 

tests. Conversely, an advantage that neurodynamic 

tests have in testing for neuropa thodynamics is that 

they are well proven and can be highly consistent 

and reliable b o t h in no rma l and clinical subjects 

(Kenneally et al 1988; Selvaratnam et al 1994; Grant 

et al 1995; Coveney et al 1997; Selvaratnam et al 1997; 

Coppieters et al 2002). This means that, in relation to 

neurodynamics at least, the distinction between nor 

mal and abnormal can actually be quite easy to make. 

The fourth problem is that t reatment is often not 

sensitive to the kind of thoracic outlet syndrome that 

could exist. This is where, no matter what background 

they have, the pract i t ioner w h o deals with this 

p rob lem m u s t be fully aware of all the causative 

mechan isms and the practi t ioner 's own limitations 

in the diagnosis and t rea tment of this problem and 

refer the pat ient to others , should the need arise. 

This naturally includes therapists whose skills are 

localized to the neuromusculoskeletal system. 

The above discussion illustrates the poin t that 

dogmat ic s ta tements as to whether or no t thoracic 

outlet syndrome exists generally are usually of no 

value in relation to the individual in w h o m there is 

potent ia l for symptoms to arise from this region. 

In the end, the key factor is per formance of a care

ful and detailed analysis of all the patient 's clinical 

f indings. The following covers the relevant neurody

namics of the problem and its t rea tment . 

Specif ic n e u r o p a t h o d y n a m i c s of the 
thoracic out let reg ion 
The neurodynamic events of the thoracic outlet 

region are characterized by several key events. In its 

course to the periphery, the brachial plexus passes 

inferolaterally between the first rib and clavicle in a 

large bundle . In doing so, the relations between the 

neural elements, the mechanical interface and the spe

cific neurodynamics are pivotal. The plexus behaves 

like cords that can be pulled and slid from both prox

imal and distal ends, depending on the l imb and 

spinal movements . Interestingly, our observations are 

the plexus can also be made to bowstring in a cephalad 

direction over the first rib as the rib elevates under the 

plexus with inhalation. At a point distal to the shoul

der, this produces proximal movement of the nerves at 

least as far as the a rm and correlates with the findings 

of McLennan and Swash (1976). Hence, breathing and 

rib movement form an integral part of examination 

and t reatment of thoracic outlet syndrome. Another 

impor tan t aspect of this arrangement is that the clavi

cle can be made to approximate the plexus from above 

with the use of scapular depression movements. A 

pincer action is thus exerted between the first rib and 

clavicle a round the plexus and this could in some cases 

contribute to neuropathodynamics which could come 

in the form of an elevated first rib and a depressed 

scapula, particularly when the plexus must slide and 

bowstring against the bony interfaces with upper limb 

and spinal movements. Dynamics of the shoulder 

girdle therefore form an integral part of evaluation 

and t reatment of the thoracic outlet syndrome. 



From our observations, significant movement in 

the brachial plexus occurs at the thoracic outlet and 

this is particularly p ronounced with lateral gliding of 

the cervical spine and the median neurodynamic test 

1. Whilst in the position of 90° glenohumeral abduc

tion, distal sliding of the plexus is produced by elbow, 

wrist and finger extension movements , combined 

with ipsilateral gliding of the cervical spine. Proximal 

sliding is produced by performance of contralateral 

glide and elbow, wrist and finger flexion. Tension in 

the plexus is generated with cervical lateral gliding in 

a contralateral direction and elbow, wrist and finger 

extension. During this manoeuvre , parts of the plexus 

bowstring in a cephalad direction within its bed while 

the ampli tude of sliding is noticeably reduced with 

these tension movements when compared with the 

above sliding techniques. The diameter of the plexus 

can also be seen to reduce as tension is applied to it. 

Neuropa thodynamics of this region can be a 

cause of symptoms , as evidenced by the following 

case, kindly provided by the o r thopaed ic manua l 

therapist, Ms Tiina Laht inen-Suopanki of Finland. 

Mechan ica l interface dynamics 
What we have recently observed in ou r imaging stud

ies in relation to how m u c h the interface changes with 

shoulder girdle movemen t is extraordinary. At the 

space between the first rib and clavicle, the a m o u n t of 

open ing and closing of the interface is huge. F rom 

the fully closed to open posi t ions , the d imens ions 

a r o u n d the brachial plexus can be increased by over 

100%. This provides an excellent rat ionale a n d great 

potent ial to address the issue of open ing and closing 

a round the brachial plexus as a form of t r ea tment . 

Another aspect of the mechanical interface per t in

ent to the thoracic outlet syndrome is the behaviour 

of the scalene muscles. W h e n they contract , pressure 

is exerted on the brachial plexus because it passes 

between the anter ior and midd le scalene muscles. 

Therefore, the dynamics of these muscles and the 

f irs t rib and neck are also impor t an t . 

Clinical features 

Clinical features of the thoracic syndrome consist of 

shoulder pain that is often located on the anterior and 

inferior aspects of the shoulder region. Even though 

this is not always the case, the symptoms often pass dis-

tally along the course of the ulnar nerve, through the 

axilla and medial surface of the arm, elbow and fore

arm toward the ulnar two fingers. In other patients, the 

symptoms can emulate a patchy brachial plexus irrita

tion in which the symptoms can appear to occupy the 

territory of any of the C 5 - 8 spinal nerves. Occasionally, 

posterior shoulder pain can occur. Utilization of the 

median neurodynamic test 1 is usually sufficient to 

detect the problem. However, the ulnar test can be used 

if the problem is biased to the ulnar aspect of the upper 

limb. The problem is usually provoked by repetitive 

upper limb activities and the clinician should pay par

ticularly attention to the dynamics of the shoulder gir

dle because, as ment ioned, this aspect plays a key role. 

The mechanical pattern tends to take one of two 

courses. In the first, the upper trapezius and levator 

scapulae muscles take a protective hyperactivity dys

function in which the scapula becomes elevated in 



order to reduce forces on the brachial plexus. The sec

ond is one of hypoactivity of the upper trapezius and 

associated muscles, such that the neural elements are 

not protected sufficiently dur ing the repeated move

ment . Treatment of the different problems is oriented 

toward normalizing the dynamics of the shoulder gir

dle so as to improve the neurodynamics. Also, neuro

dynamic techniques are utilized so as to normalize the 

intrinsic dynamics of the brachial plexus. 

Physical examination and treatment 

Mechan ica l interface 
Evaluation of the mechanical interface for thoracic 

outlet syndrome consists of checking the dynamics 

of the whole shoulder girdle and related muscu lo 

skeletal s t ructures , including pos tu re and move

ments of the cervical spine, scapulothoracic a n d 

g lenohumera l joints , f i rs t and second ribs and 

length and function of the scalenae, uppe r t rapezius 

and levator scapulae muscles. W h a t is part icularly 

i m p o r t a n t is to manual ly feel the m o v e m e n t of these 

s t ructures and per form their related open ing and 

closing m o v e m e n t s to obta in in format ion on the 

relat ionships between these aspects and the nervous 

system. The relevant movemen t s comprise the pas

sive scapular movemen t s of elevation, depression, 

p ro t rac t ion and retract ion, length of the muscles 

m e n t i o n e d above and, in advanced cases, combin ing 

testing of these s t ructures wi th n e u r o d y n a m i c tests, 

as described later. Clearly, at level 1, testing will be 

c i rcumspect , part icularly wi th closing manoeuvres 

such as depression and retract ion with inspirat ion 

and movemen t s that generate tension in the nervous 

system such as g l enohumera l abduc t ion and elbow 

extension. At higher levels of examina t ion , the clin

ician will be more confident with testing these move

ments a n d will make the testing a n d t r ea tment m o r e 

multifactorial (e.g. level/type 3c). 

Interface c los ing dys func t ion 
Level 1 
The level 1 t reatment of the mechanical interface for 

thoracic outlet syndrome consists of opening the 

interface as much as possible. The first progression is 

in the form of a static opener, which the patient can 

perform at home , if appropriate. The patient lies on 

the contralateral side lying with their nervous system in 

the upper quarter in the off-loaded position (for the 

median or ulnar nerve) with a prime emphasis on 

scapular elevation and protraction. These positions 

increase the distance between the clavicle and first rib 

and take pressure off the brachial plexus. The move

ment can be facilitated by the therapist performing it 

passively at first. If possible, breathing is utilized also 

and its effects explained to the patient. Exhaling deeply 

increases the distance between the clavicle and first rib 

and can be combined with elevation of the scapula. 

Exhalation also reduces bowstringing of the plexus 

over the first rib. 

Subsequent progressions involve dynamic open

ers for the scapula in the direction of elevation and 

pro t rac t ion and mobil izat ion of the first rib in a cau-

dad direction. This is so that the rib can be brought 

away from the brachial plexus, especially if the first 

rib is stiff or located in too elevated a posi t ion. Gen

erally, mobi l izat ions at level 1 are quite gentle so as 

no t to evoke or provoke symptoms because the local 

soft tissues are often tender. 

Level 2 
The first progression of opener techniques at level 2 

is simply to open the interface to a greater degree than 

at level 1. Hence, caudad rib mobilizations are per

formed more toward the end of their movement . Also, 

manual depression of the first rib can be performed 

with the patient exhaling so as to promote maximal 

opening of the rib a round the brachial plexus. The 

scapula can be elevated actively at the same time. 

The second progression at level 2 is to commence 

a small degree of closing. This is achieved by the 

therapist testing the manoeuvre by gently depressing 

the scapula whilst the pat ient inhales slowly. If no 

prob lems result, the technique can be cont inued. 

Note that no neurodynamic techniques are per

formed in conjunct ion with closing at this stage. The 

degree of closing can be increased until the near full 

or full range of closing is achieved. 

It is impor t an t at this point to reiterate that , while 

mobil izat ions are offered in t rea tment , the patient is 

also instructed on exercises for any muscle dysfunc

t ions, as men t ioned earlier. 

Level 3c 
Reduced opening dysfunction with neural 

c o m p o n e n t 

If the patient shows stiffness in caudad movement of 

the first rib, along with a neurodynamic component , 



such as tension or sliding, t rea tment can be directed 

at each of these components at the same t ime as 

mobilizing the first and/or second ribs (Fig. 10.1). 

Reduced interface closing with neura l sliding a n d 

tension dysfunctions 

Sliding - the technique is performed by the patient 

producing the relevant distal and proximal sliding in 

the brachial plexus whilst the interface is placed in a 

closed position by the therapist. Hence, in the M N T 1 

position, the scapula is depressed whilst the patient 

inhales and the neural slider techniques are performed. 

Tension - the movement s are coordinated as an 

M N T 1 tensioner using elbow extension and con

tralateral lateral flexion wi th inhalat ion as described 

earlier under examinat ion. 

Neurodynamics 
Level 1 
Neurodynamic testing for the thoracic outlet at level 

1 is carried out initially with the pat ient in supine 

and the nervous system off-loaded, as in the descr ip

tions of testing of the neural e lements for the cer

vical spine. A key point , however, is tha t the scapula 

is elevated and the patient 's first r ib is no t in an 

elevated posi t ion. This may involve the pat ient con

trolling their breathing dur ing the examinat ion in 

which full relaxation of the rib cage is performed to 

start with. Naturally, observat ion of respirat ion and 

dynamics of the rib cage is par t of assessment. 

Neurodynamic testing for the thoracic outlet 

syndrome at level 1 consists of performance of the 

supported median neurodynamic test 1 (see Chapter 7 

on standard testing). The procedure is to perform the 

test slowly and carefully in the following sequence: 

1. Wrist ex tens ion/supinat ion . 

2. Elbow extension gently toward the outer range to a 

point deemed acceptable to the pat ient and which 

gains sufficient information for the therapist. 

3 . Gentle and slow g lenohumera l abduc t ion to the 

f irs t onset of symptoms . 

4. Wrist extension is released to execute modified 

s t ructural differentiation. 

In the event that the technique of choice involves the 

ulnar neurodynamic test, the neurodynamic sequenc

ing is as follows: 

1. Wrist ex tens ion /prona t ion . 

2. Elbow flexion. 

3 . G lenohumera l external ro ta t ion. 

4 . G lenohumera l abduc t ion . 

5. Release of wrist extension or a small a m o u n t of 

elbow flexion for differentiation purposes . 

The level 2 neu rodynamic assessment techniques for 

thoracic outlet syndrome are s imply the s tandard 

tests for the med ian a n d ulnar nerves. 

Level/type 3a - neurodynamically sensitized 

Testing the thoracic outlet syndrome at level/type 3a 

consists of the addit ion of contralateral lateral flexion 

of the cervical spine and depression of the scapula. 

Hence , the sensitized m e d i a n a n d u lnar neurody

namic tests are used and are the same as for the cervical 

spine. 

Level/type 3b - sensitized by 
neurodynamic sequencing 
The aim of sensit ization at level/type 3b for thorac ic 

outlet syndrome is to localize the n e u r o d y n a m i c 

forces as best possible to the thoracic out le t region 

th rough modification of the neurodynamic sequence. 

Hence, using the M N T 1 , the technique of choice is 

as follows: 

1. Scapular depression. 

2 . Glenohumera l abduc t ion and external ro ta t ion , 

b o t h to approximately 90°, or wha t is permissible. 

3. Cervical contralateral lateral flexion. 

4. Elbow extension. 

5. Wrist extens ion/supinat ion. 



The same m e t h o d of sensitization can be applied to 

the u lnar n e u r o d y n a m i c test in which the following 

sequence applies: 

1. Scapular depression. 

2 . Glenohumera l abduct ion and external rotat ion, 

both to approximately 90°, or what is permissible. 

3. Cervical contralateral lateral flexion. 

4. Elbow flexion. 

5. Wrist ex tens ion /prona t ion . 

Level/type 3c - multistructural 
Interface closing (rib movemen t ) and tension 

dysfunction 

The med ian neu rodynamic test 1 is performed, pos 

sibly with some degree of contralateral lateral flex

ion of the cervical spine. In the process, the scapula 

is depressed manual ly whilst the pat ient relaxes their 

upper t rapezius and levator scapulae muscles. At 

the end poin t of the neu rodynamic test (carefully 

decided on by the therapist and pat ient ) , the pat ient 

inhales deeply to elevate the first rib toward the 

brachial plexus. This bowstrings the plexus in a 

cephalad direct ion a n d applies m o r e tension a n d 

pressure to it from its caudad (ulnar) surface from 

the f i rs t rib. Hence , this m a n o e u v r e includes tension 

and compressive effects. The breath is held whilst 

s t ructura l differentiation is per formed wi th release 

of wrist extension. 

Reduced closing dysfunction with proximal or distal 

sliding dysfunctions 

The test p rocedure for this dysfunction again utilizes 

inhalat ion a n d scapular depression and distal a n d 

proximal movemen t s of the neural e lements are 

produced whilst the interface is used to apply pres

sure to the brachial plexus. The median or u lnar 

neu rodynamic test is per formed. However, this t ime, 

the neck is moved into lateral f lexion whilst the 

distal movemen t s of the median neu rodynamic test 

are added . Hence , for the M N T 1 , the sequence of 

movemen t s is as follows: 

1. Scapular depression. 

2 . G lenohumera l abduct ion/external rota t ion. 

3. Wrist/finger extension, supina t ion of forearm. 

4. Inhalat ion. 

5. Proximal slider - contralateral lateral flexion of 

the neck/e lbow flexion, wrist and finger f lexion 

(Fig. 10.2). 

6. Distal slider - ipsilateral lateral flexion of the 

neck/elbow extension, wrist and f inger extension 

(Fig. 10.3). 

PRONATOR TUNNEL S Y N D R O M E 

The p rona to r syndrome usually manifests as pain in 

the anteromedial forearm region with or wi thout 



pins and needles in the dis t r ibut ion of the median 

nerve. Sometimes the pain can extend from the elbow 

into the ventral aspect of the forearm and wrist . The 

problem is often mistaken for golfer's elbow or u lnar 

neuritis because the symptoms are located in the 

medial elbow region. Generally the s y m p t o m s are 

provoked by repetitive activities that involve use of 

the p rona to r muscle, such as squeezing and pull ing 

through the elbow and pronation movements. Throw

ing is also a possible cause. 

Assessment involves neurological examinat ion 

and the MNT1 and/or M N T 2 tests, depending on 

the clinician's decision. Naturally, palpation of the 

median nerve at the elbow and testing of the mechan

ical interface is essential and is achieved with stretch 

and contraction of the pronator muscles in conjunc

tion with, or separate from, the median nerve, accord

ing to the level and type of examination. 

Mechanica l interface 
Levels 1 and 2 
The causative mechan i sm with the p rona to r syn

d rome is generally that of excessive closing. Hence, 

at level 1, the static opener for the median nerve at 

the elbow is chosen and is per formed by posi t ioning 

the elbow in approximately 60°-90° flexion and the 

forearm into prona t ion . This is to reduce tension in 

the prona tor muscle and take pressure and tension 

off the median nerve. The wrist and fingers are 

placed in neutral and the shoulder elevated, if neces

sary. This is offered as a rest posi t ion for pain relief, 

if the patient requires. 

As the next progression, the dynamic opener is per

formed in the form of a mobilization in the direction 

of pronation but from a relatively neutral position. 

As the patient progresses to low level 2, the closer 

is applied. This is per formed by, in the same degree 

of elbow flexion/extension as above, gently moving 

the forearm into the supinated posi t ion to elongate 

the prona tor teres muscle. This will apply a small 

a m o u n t of pressure to the nerve whereby the a im is 

to reduce its sensitivity to such forces and milk the 

nerve so that venous and arterial flow are increased. 

As the problem progresses toward the high end of 

level 2, the technique is to perform active prona t ion 

which is resisted manually, followed immediately by 

passive elongation of the muscle as a means of 

releasing the interface. 

Neural c o m p o n e n t 
Distal sliding dysfunction 
The distal sliding dysfunction in the pronator syn

d rome occurs when the median nerve at the elbow 

shows pa thodynamics in the direction of distal move

ment . It occurs when a movement that produces dis

tal movement of the median nerve evokes an increase 

in symptoms. Hence, if, in the M N T 1 posit ion, the 

symptoms increase with ipsilateral lateral flexion or 

release of contralateral lateral flexion of the cervical 

spine, or the symptoms ease with contralateral lateral 

flexion, a distal sliding dysfunction may be impli

cated. In this case, the level 1 t rea tment is to slide the 

nerve proximally, away from the provoking direction 

(posit ion away/move away). The technique therefore 

is as follows: 

Patient posi t ion - for the M N T 1 , elbow in approxi 

mately 20°-30° flexion, forearm in a comfortable 

degree of p rona t ion / sup ina t ion , wrist and finger 

flexion to allow proximal movemen t of the nerve 

by releasing distal tension, approximate ly 45°-90° 

g lenohumera l abduct ion (making use of the shoul

der joint to draw the med ian nerve proximally) - the 

decision on the a m o u n t of abduc t ion is, once again, 

judic ious and depends on the patient 's s y m p t o m 

atology. It is wise to use the t r ea tment couch as the 

suppor t for the pat ient 's upper l imb and pillows or 

towels can be used to enhance comfor t and relax

at ion. The therapis t t hen stabilizes the scapula whilst 

contralateral lateral flexion is per formed to draw the 

nerve proximally (move away from the direct ion of 

the dysfunction). The technique should no t evoke 

the patient 's clinical s y m p t o m s (Fig. 10.4). 

As the pat ient progresses toward low level 2, less 

shoulder abduc t ion is used to allow m o r e distal 

movemen t to occur du r ing the posi t ioning phase, 

whilst the neck movemen t s remain the same. The 

wrist and fingers can be extended to posi t ion the 

nerve more distally also. At high level 2, the posi t ions 

and movement s are as follows: 

Position - neutra l lateral flexion of the cervical 

spine, the patient 's uppe r l imb is close to their side, 

scapular elevation, elbow in full comfortable range 

of extension. 

Movements - the upper limb is supported comfortably, 

perform wrist and finger extension with ipsilateral 

lateral flexion of the cervical spine (Fig. 10.5). 



At high level 2, the mobi l izat ion is a m o r e exten

sive distal slider a n d is per formed as par t of the 

med ian neu rodynamic test 2. Scapular elevation and 

wrist and finger extension are per formed (Fig. 10.6). 

Proximal sliding dysfunction 
The proximal sliding dysfunction in the p rona to r 

syndrome is i l lustrated by an increase in symptoms 

wi th proximal m o v e m e n t of the m e d i a n nerve and 

distal m o v e m e n t of the nerve produces a decrease in 

sym p tom s . In the M N T 1 posi t ion, symptoms will 

increase wi th contralateral lateral flexion of the cer

vical spine and wrist a n d finger flexion. The level 1 

t r ea tment of this dysfunction is to place the nerve in 

a distal posi t ion, then slide it distally in t rea tment 

(posi t ion away/move away). 

Patient posi t ion - elbow in approximately 20°-30° 

flexion, wrist and fingers comfortably in neutral , the 

forearm in a comfortable degree of pronat ion , the 

patient 's upper l imb by their side, ipsilateral lateral 

flexion of the cervical spine. 

Movements - extension of the wrist and fingers to 

draw the median nerve at the elbow distally. This 

technique is similar in principle to that in the later 

stages of the distal sliding dysfunction, except that, 

because it is performed at a low level, it may need to 

be per formed more gently and modified according 

to the patient 's needs. 

As the pat ient progresses to low level 2, a degree 

of shoulder abduct ion and contralateral lateral 

flexion are added to posi t ion the median nerve at 

the elbow m o r e proximally whilst wrist and f inger 

extension are again per formed (position towards/ 

move away). Progressing th rough to high level 2, the 

posi t ions and movement s are altered, as follows: 

Position - wrist and finger flexion, cervical spine in 

neutral , shoulder abduct ion up to approximately 90°, 

depending on the patient 's capabilities. 

Movements - contralateral lateral flexion of the 

cervical spine whilst stabilizing the scapula. This 

t echnique is similar as in the early stages of the distal 

sliding dysfunction, however, the glenohumeral joint 

is placed in more abduct ion to posit ion the median 



nerve at the elbow more proximally prior to the mobi 

lization (position towards/move towards). Another 

way of performing this technique is to use the M N T 2 

slider option (Fig. 10.7). 

At this point , the reader will have noticed that the 

t rea tment for the proximal sliding dysfunction at 

low levels is similar to the t rea tment for the distal 

sliding dysfunction at high levels. This is a c o m m o n 

feature of all the sliding dysfunctions, is quite delib

erate and is based on the progressional system 

presented in the chapter on Method of Treatment 

(Ch 8). The system allows for the t r ea tment of the 

pathophysiological mechan isms early on and slowly 

builds up to address the pa thomechanica l aspects as 

the problems settle and will tolerate mechanical 

t rea tment better. 

Tension dysfunction 
The tension dysfunction in the p rona to r syndrome 

shows up as an increase in symptoms when tension 

in the median nerve at the elbow increases. There

fore, in either of the median neu rodynamic test 

positions, symptoms will increase with contralateral 

lateral flexion of the cervical spine and wrist and 

finger extension. The s y m p t o m s also reduce when 

either of these movements is released. The t rea tment 

at level 1 is to posi t ion the nerve in an ant i - tension 

posit ion as for the generic off-loader for the median 

nerve, as shown under the section on the cervical 

spine (Fig. 9.13, p. 167). T h en the following m o b i 

lization or h o m e exercise can be per formed. 

Patient posi t ion - elbow in approximately 90° flex

ion, wrist a n d fingers in neutra l , the patient 's upper 

l imb by their side, scapula in a degree of elevation, 

ipsilateral lateral flexion of the cervical spine. 

Movements - extension of the wrist a n d fingers and 

contralateral lateral flexion to apply a small a m o u n t 

tension to the median nerve from bo th proximal 

and distal ends. As the pa t ien t progresses to high 

level 1, m o r e tension can be applied with the elbow 

being posi t ioned into m o r e extension and the same 

movemen t s a t the neck a n d wrist being per formed 

(Fig. 10.8). 

As the pat ient progresses to low level 2, the same 

movemen t s are per formed but , instead, the shoulder 

joint is abducted to a comfortable range, up to 

approximately 45°. At high level 2, the shoulder 

abduc t ion posi t ion is taken above 45° toward 90° 

and the same movemen t s are per formed. Elbow 

extension is the movement of choice for the technique 

at level/type 3a, however, sensitization is added in the 

posi t ioning, namely a small a m o u n t of scapular 

depression and contralateral lateral flexion of the 

cervical spine. This is effectively a series of progres

sions t h rough the M N T 1 (Fig. 10.9). 

The level 3b neurodynamic procedure is simply to 

start the technique with elbow extens ion/supina t ion 

and add the other c o m p o n e n t s of the M N T 1 from 



either end. G lenohumera l abduc t ion is used in the 

mobilization. This ends up being similar to the M N T 2 

bu t is often best per formed as an M N T 1 because the 

abduc t ion is easier to per form in this posi t ion. 

Treatment at level 3c involves simultaneous treat

ment of the pronator muscle and other interfacing 

tissues whilst mobilizing the nerve. Contraction/relax 

of the muscle dur ing the M N T 1 is used and, dur ing 

the release phase, the nerve is mobilized gently into a 

tension position. The technique is performed gently 

and only 2 -3 times before returning the median nerve 

back to its rest position so as not to provoke symp

toms. This triplet of mobilizations may then be 

repeated several times in the same t reatment session. 

Neurodynamic massage technique 
This technique is directed at massaging and desensi

tizing the median nerve in the vicinity of the p rona 

tor muscle . It may also help improve b lood flow 

th rough the nerve and squeeze away oedema within 

and a r o u n d the nerve. It effectively slides the nerve 

u n d e r the pract i t ioner ' s t h u m b whilst pressure is 

applied to the nerve. 

Posit ion - the posi t ion for the M N T 2 neurodynamic 

test is adopted . Whilst stabilizing the patient 's elbow 

in extension with the fingers, the therapist places 

their proximal t h u m b over the ventral surface of the 

med ian nerve either immedia te ly proximal to, or 

just over, the p rona to r teres muscle. A proximal/ 

distal slider technique is performed as the therapist 

main ta ins their t h u m b pressure over the nerve. This 

way, the nerve slides longitudinally under the ther

apist's t h u m b and a massage effect is produced. The 

degree of pressure applied by the t h u m b is arbi trary 

and decisions on this are influenced by the patient 's 

needs and response. The technique operates by 

reversed origin. I liken this to milking a cow the 

wrong way r o u n d . The cow bends its knees up and 

d o w n whilst the farmer holds their hands stat ionary 

a r o u n d the cow's teat (Fig. 10.10). 

SUPINATOR TUNNEL S Y N D R O M E 

The supina tor tunne l syndrome usually expresses 

itself as pain in the anterolateral elbow and forearm 

regions and somet imes pins and needles in the dis

t r ibu t ion of the poster ior interosseous nerve (radial 

dorsal aspect of the h a n d ) . Mysteriously, somet imes 

pain from this p rob lem can be absent from the 

elbow and can instead localize itself in the dorsum of 

the wrist and it may do this in the absence of neuro

logical symptoms . Hence, investigation of dorsal 

wrist pain should involve the posterior interosseous 

nerve at the elbow. 

The disorder is often mistaken for tennis elbow, 

however it should not be because it does not gener

ally cause pain solely in the c o m m o n extensor origin. 

The symptoms are provoked by activities that involve 

use of the supinator muscle, such as squeezing and 

pulling th rough the elbow flexion and supination 

movements . As with the pronator tunnel syndrome, 

repetitive and postural factors almost always exist. 

Because of its propensity to produce localized wrist 

pain, assessment, even in the absence of neurological 

symptoms, should involve neurological examination 

and the radial neurodynamic test. Naturally, palpa

tion of the nerve and testing of the interfacing tissues 

are essential. These are achieved with palpation of the 

nerve and its environs as it passes under supinator 

and stretch and contraction of the supinator muscle 

in conjunction with, or separate from, neurodynamic 

testing for the posterior interosseous nerve. 

The techniques for the supina tor syndrome are 

virtually identical to those of the p rona to r tunnel 

syndrome , except that they are applied to the radial 

aspect of the elbow. 



Mechanica l interface 
Levels 1 and 2 
As with the pronator syndrome, the causative mech

anism with the supinator syndrome is generally that of 

excessive closing. At level 1, therefore, the static opener 

for the posterior interosseous nerve at the elbow is 

performed by positioning the elbow in approximately 

20°-30° short of full extension and the forearm relaxed 

in supination. This is to reduce tension in the supin

ator muscle and take pressure and tension off the 

nerve. The wrist and fingers are placed in neutral and 

the scapula elevated a little whilst the upper l imb is 

placed near the patient's side. 

If necessary, the humerus can be externally rotated 

to further off-load the radial nerve. If the pat ient 

requires, this rest position can be offered for pain 

relief at home. As the patient progresses to high level 

1, the dynamic opener is performed in the form of a 

passive mobilization in the direction of supinat ion 

from a relatively neutral position that passes toward 

the outer range of this movement . 

At low level 2 and in the same degree of elbow 

flexion/extension as above, the forearm is gently 

moved into the pronated posi t ion to elongate the 

supinator muscle. As the p rob lem progresses toward 

the high end of level 2, the next technique is to 

elongate the supinator muscle whilst it relaxes after 

resisted contract ion and this technique is taken to 

the end of the comfortable range. Hence, active 

supina t ion is resisted manual ly and this is followed 

immedia te ly by passive elongat ion of the muscle as a 

means of releasing the interface. 

Neural 
Distal sliding dysfunction 
The distal sliding dysfunction in the sup ina tor syn

d r o m e occurs when the poster ior interosseous nerve 

at the elbow shows pa thodynamics in the direct ion 

of distal movemen t . Hence , if, in the radial n e u r o 

dynamic test (RNT) posi t ion, the s y m p t o m s increase 

with ipsilateral lateral flexion of the cervical spine or 

release of contralateral lateral flexion, or the s y m p 

toms ease with contralateral lateral flexion, a distal 

sliding dysfunction may be implicated. As was the 

case wi th the p rona to r syndrome , the level 1 treat

m e n t for the sup ina tor tunne l s y n d r o m e is to first 

posi t ion the nerve in a proximal posi t ion then slide 

it proximally as well, away from the provoking direc

t ion (posit ion away/move away). Therefore the tech

nique is as follows: 

Therapis t posi t ion - at the head of the pat ient . 

Patient posi t ion - elbow in approximately 20°-30° 

flexion, forearm in a comfortable degree of p rona

t ion, wrist and finger extension to allow proximal 



movemen t of the nerve, 30°-45° g lenohumeral 

abduc t ion if permissible (again making use of the 

shoulder joint to draw the radial nerve proximally). 

M o v e m e n t - the therapis t stabilizes the scapula 

whilst contralateral lateral flexion is per formed pas

sively to draw the nerve proximally. 

As the pat ient progresses from low to high level 1, 

less shoulder abduc t ion is used to allow more distal 

m o v e m e n t to occur dur ing the posi t ioning phase, 

whilst the neck movemen t s remain the same. The 

wrist and fingers are moved into the flexed to pos

it ion to move the poster ior interosseous nerve fur

ther in a distal direct ion and the forearm can be 

p rona ted (posi t ion toward /move away). 

In progressing th rough level 2, the RNT is n o w 

used to p roduce the correct movemen t s (Fig. 10.11). 

Proximal sliding dysfunction 
The proximal sliding dysfunction in the supina tor 

s y n d r o m e is i l lustrated when proximal movemen t of 

the poster ior interosseous nerve evokes an increase 

in symp tom s . In the RNT posi t ion, s y m p t o m s will 

increase wi th contralateral lateral flexion of the 

cervical spine and wrist and finger extension. As with 

the p rona to r syndrome , the level 1 t r ea tment is to 

place the nerve in a distal posi t ion, then slide it dis

tally (posi t ion away/move away). 

Patient posit ion - a rm suppor ted on pillows if neces

sary, elbow in approximately 20°-30° flexion, wrist 

and fingers in neutral , the forearm in a comfortable 

degree of prona t ion /supina t ion , the patient's upper 

l imb by their side, scapula elevated, neck in neutral. 

Movements - flexion of the wrist and fingers to 

draw the nerve distally and ipsilateral lateral flexion 

of the cervical spine. The neck movement s can be 

per formed by the therapist whilst the patient can 

move their hand . 

At high level 1, g lenohumera l abduct ion and con

tralateral lateral flexion are added to posit ion the 

nerve more proximally whilst the wrist, finger and 

neck movement s are repeated (position toward/ 

move away). 

At low level 2, the posi t ions and movements are 

altered, as follows: 

Position - for the RNT. 

Movement s - scapular depression, wrist and finger 

extension (Fig. 10.12). 

At high level 2, contralateral lateral flexion of the 

neck is in t roduced pr ior to the mobil izat ion. The 

mobi l izat ion is repeated as scapular depression and 

wrist a n d f inger extension (posit ion toward/move 

toward) . 

Tension dysfunction 
The tension dysfunction in the supina tor syndrome 

produces an increase in s y m p t o m s when tension in 



the posterior interosseous nerve at the elbow 

increases. In the RNT posit ion, the s y m p t o m s will 

therefore increase with contralateral lateral flexion 

of the cervical spine and wrist and finger flexion. 

The symptoms also reduce when either of these 

componen t s is released. 

Treatment at low level 1 is to posit ion the nerve in 

an anti- tension posit ion as for the generic off-loader 

for the radial nerve and offer this as a rest posit ion for 

the patient (Fig. 10.13). The mobil izat ion of choice at 

level 1 for the tension dysfunction is the proximo-

distal slider, in both directions if possible. This is 

likely to soothe the nerve rather than provoke it. 

At level 2, the therapist changes the technique to 

adopt the RNT posit ion. The elbow remains in a rela

tively flexed posit ion prior to the mobil izat ion. The 

movements then consist of scapular depression and 

wrist and finger flexion with elbow extension as a 

wide ampli tude technique bu t gentle technique. This 

is progressed with increases in g lenohumera l abduc 

tion and wrist movements and contralateral lateral 

flexion posi t ioning. 

Treatment at level 3a is the same as the above 

but , this t ime, the technique can incorpora te scap

ular depression and /o r contralateral lateral flexion. 

Level 3b t rea tment involves per formance of the 

same technique as in level 3a except the elbow 

extension is the first m o v e m e n t in the prepara t ion of 

the technique and it is pe r fo rmed slightly more 

In t roduct ion 
I believe that the role of h a n d s - o n therapy as a con

servative means of t reat ing carpal tunne l syndrome 

is generally underes t imated . Direct mobil izat ions of 

the med ian nerve and t endons for the problem have 

been shown to reduce the need for surgery 

(Rozmaryn et al 1998) and can be related to 

increased active grip s trength and improved pat ient 

satisfaction (Akalin et al 2002). However, even with 

that , little has been done to link t r ea tment tech

niques to what I believe to be carpal tunne l syn

d r o m e s in which different dysfunctions may exist. 

Tha t is, a disorder of the med ian nerve of the wrist 

could house a d o m i n a n c e of different mechanisms; 

for instance; interface, longi tudinal sliding or pa tho 

physiological (e.g. diabetic neuropa thy) types and 

the t r ea tment should be personalized for each p r o b 

lem. Hence , what follows is a b reakdown of the 

different types of dysfunctions related to carpal t u n 

nel syndrome and their t r ea tments . It is also wor th 

while being familiar with the chapters on General 

Neurodynamics and Neuropa thodynamics so that 

the logic of t echnique applicat ion is clear. For the 

firmly dur ing the mobil izat ion. Trea tment at level 3c 

involves s imul taneous t r ea tmen t of the supina tor 

muscle and other interfacing tissues whilst mobi l 

izing the nerve. Hence, contract / re lax of this m u s 

cle wi th the n e u r o d y n a m i c tensioner serves this 

purpose . 

Neurodynamic massage technique 
Position - the posit ion for the RNT is adopted. Whilst 

stabilizing the patient 's e lbow in extension, the ther

apist places their proximal t h u m b over the ventral 

surface of the poster ior interosseous nerve either 

immediate ly proximal to, or just over, the sup ina tor 

muscle. A proximo-dis ta l slider t echn ique is per

formed as the therapist ma in ta ins their t h u m b pres

sure over the nerve. 

Proximal slider movemen t s - scapular depression, 

wrist and finger extension. 

Distal slider movemen t s - scapular elevation, wrist 

and finger flexion. 

This technique is similar to the median nerve 

equivalent of milking the cow by reversed origin. 

CARPAL TUNNEL S Y N D R O M E 



reader's interest images of the median nerve are p r o 

vided (Figs 10.14 a n d 10.15). 

Physical examina t i on 
The p r i m a r y descr iptors for setting up the physical 

examina t ion for carpal tunne l syndrome are slow, 

gentle and detailed. This is because it will be neces

sary to sense small and subtle changes in physical 

function and sensory responses. The nerve is pal

pated extensively along its course, the need for 

which may extend far proximally up the upper l imb. 

Palpation and testing for Tinel's and Kingery's signs 

should also be per formed as far distally as the m o t o r 

b ranch of the m e d i a n nerve in the h a n d (Fig. 10.16) 

as it passes in to the muscles of the thenar eminence . 

With deft technique, the med ian nerve can often be 

palpated immediate ly proximal to the transverse 

carpal l igament, once the t endons are displaced 

manually. Frequently, swelling in and a r o u n d the 

nerve and in the tunne l can be palpated and this may 

also extend distally to the m o t o r branch and Guyon's 

canal. In relation to neurodynamic testing, the 

M N T 1 is the technique of choice. It is performed in 

accordance with the system set out in the chapter on 

s tandard neurodynamic testing (Ch 7) (Fig. 10.16). 

Mechanical interface 
Testing of the mechanical interface involves put t ing 

the interfacing s t ructures th rough their paces to 

establish whether they are involved in producing 

neu rodynamic changes. Hence, active and passive 

movemen t s of all carpal and related joints are 

per formed. Watson's test is also per t inent , along 

with specific tests for interface opening and closing. 

Clearly, apar t from searching for physical changes 

such as swelling, thickening, tenderness and stiffness, 

reproduc t ion of symptoms is a key aspect th rough 

Phalen's and other tests. 

Open ing - horizontal flexion - opener 

Hor izonta l flexion as an open ing movement is per

formed with the pat ient posi t ioned in supine with 

the elbow flexed to approximately 90° so the patient's 



forearm and hand point almost vertically. The ther

apist's hands approach the patient 's wrist from dif

ferent directions. The therapist 's proximal h a n d 

gently clasps the patient 's distal forearm radially so 

that the therapist 's t h u m b is located on the ventral 

surface of the patient 's forearm between, and paral

lel to, the patient's radius and ulna. This is so that the 

end of the therapist 's t h u m b reaches up to the 

patient 's distal pa lmar crease. No pressure is exerted 

by the t h u m b over the carpal tunnel dur ing the test 

movement . The therapist 's distal hand then passes 

dorsally a round the patient 's wrist, so that ventral 

pressure is applied on the radial side by the 

therapist 's fingers and ulnarly by the therapist 's 

t h u m b . The wrist and forearm are stabilized by the 

therapist 's proximal hand . This manoeuvre makes 

the carpal bones and first and fifth metacarpals form 

an arch with the concave surface being on the ventral 

aspect of the wrist . W h e n per formed gently, it is 

likely that the ensuing movemen t s p roduce reduced 

tension in the transverse carpal l igament and reduce 

pressure on the median nerve. This can be per

formed as a static or dynamic opener (Fig. 10.17). 

Closing - hor izontal extension - dynamic closer 

In the per formance of hor izonta l extension, the 

therapist 's hands approach the patient 's wrist from 

the dorsal aspect. Each h a n d creates a gentle pincer 

act ion with the therapist 's index fingers and t h u m b s 

a r o u n d the medial and lateral aspects of the wrist 

complex and f i r s t and f i f th metacarpals . The hand 

that holds the radial aspect grips the f irs t metacarpal 

and scaphoid bones whilst the h a n d that grips the 

ulnar s t ructures clasps the hamate , pisiform and 



f i f th metacarpa l bones . The m o v e m e n t is p roduced 

by the therapis t levering gently over their t h u m b s as 

they apply a ventral pressure over the d o r s u m of the 

wrist a n d an ou tward wedging action of their index 

f ingers . This m o v e m e n t produces an increase in 

tension in the transverse carpal l igament by angling 

the u lnar and radial s t ructures poster ior ly a r o u n d 

the capitate (Fig. 10.18). 

N e u r o d y n a m i c test ing 
Levels 7 and 2 
In n e u r o d y n a m i c testing, the level 1 testing for the 

m e d i a n nerve at the wrist is l imited and s t ructura l 

differentiation modified. The first movemen t is con

tralateral lateral flexion of the neck and the rest of 

the M N T 1 is comple ted gradually to the f i rs t onset 

of symp tom s . Contra la tera l lateral flexion is then 

released and , in the event that there is a genuine 

carpal tunne l syndrome , may well p roduce a change 

in the h a n d symptoms . Clearly, some movements 

may be omi t ted , such as wrist and f inger extension 

if symp toms are likely to appear too early or too 

severely (Fig. 10.19). 

At level 2, the s tandard M N T 1 is performed 

whereas, at level 3, o ther c o m p o n e n t movements are 

added. 

Level/type 3 
Testing at level/type 3a involves performance of the 

M N T 1 , wi th contralateral lateral flexion and pos

sibly scapular depression. Level/type 3b testing is 

achieved by, still using the M N T 1 , start ing the test 

wi th wrist and finger extension and complet ing the 

manoeuvre by adding the movement s in proximal 

order. Level/type 3c testing utilizes the wrist joint as 

the mechanical interface. In doing so, horizontal 

extension is combined wi th the M N T 1 . This way, 

pressure is applied dur ing the neurodynamic test. 

Alternatively, resisted active wrist and finger flexion 

can be combined with the M N T 1 . I t mus t be 

r emembered that , since symptoms due to carpal 

tunne l syndrome can be easily provoked, decisions 

on which level/type of testing to perform are based 

on the system of p lanning the examinat ion set ou t in 

chapter 6 (Fig. 10.20). 

Treatment 
Mechanical interface 
Trea tment of carpal tunne l syndrome naturally 

revolves a r o u n d the diagnostic category. However, in 

the case of interface d o m i n a n t problems, t rea tment 

will focus on improving function of the wrist com

plex. This, if necessary, can be by way of improving 

stability t h rough exercises and is effectively treat

m e n t of an excessive closing disorder. The other 

k ind of excessive closing problem is that produced 

by a tunne l that is too small for the nerve and ten

dons . In this category of diagnosis, it will be neces

sary to reduce pressure on the median nerve by 

per forming interface opening techniques (horizon

tal flexion), as men t ioned above. This would apply 

to the level 1 problem. As the disorder improves to 

level 2, the closing techniques (horizontal extension) 

can be applied whereby mobil izat ion of the t rans

verse carpal l igament is the aim. It is improbable 

that n o r m a l force applied dur ing mobil izat ion of 

the l igament will no t p roduce a sudden increase in 



its length. However, wi th repeated loading, it may 

be possible to achieve improvement s in carpal 

tunnel pressures in two ways; subtle improvement 

of viscoelastic function of the l igament , thereby 

improving stresses on the med ian nerve and; by 

applying repeated pressure to the tunne l , thus milk

ing it of excessive venous fluid, further reducing 

pressure in the area. This would improve its oxy

genation by allowing new, fresh b lood to enter the 

tunne l . Hence , a valuable technique for the carpal 

tunne l p rob lem is often the hor izonta l extension 

mobil izat ion. 

Neural component 
Proximal sliding dysfunction 

The essential ingredient of the proximal sliding dys

function is that s y m p t o m s are evoked by proximal 

m o v e m e n t of the nerve in the carpal tunne l . In the 



M N T 1 posi t ion, increased s y m p t o m s wi th release of 

finger extension, flexing the fingers or cervical con

tralateral lateral flexion illustrate this dysfunction. 

The following slider techniques can be useful in such 

a scenario. 

At first, the distal slider is per formed to move the 

nerve away from the direct ion of the dysfunction. In 

the above i l lustrat ion (Fig. 10.21) the technique is 

close to the end range. This may be tolerated by the 

pat ient w h o occupies level 1 but , if not , the tech

n ique can be varied by reducing the wrist and f inger 

c o m p o n e n t s . The pat ient can natural ly per form this 

actively as a h o m e exercise. Progression of this 

mobi l izat ion to high level 1 is to add proximal com

ponen t s progressively, such as elbow extension and 

g lenohumera l abduc t ion bu t still mobilize in the 

distal direction wi th the use of finger extension 

movemen t s (posi t ion towards/move away). 

Posit ion - the patient 's upper l imb is placed in the 

M N T 1 posi t ion according to the patient 's capabili

ties. The wrist and fingers are located in a straight 

posi t ion as if to make a paddle with the patient 's 

hand . The neu rodynamic technique is performed by 

posi t ioning the elbow in more extension and mobi 

lizing the f ingers and t h u m b into extension, whilst 

the wrist jo int remains stationary. The reason for 

holding it still is that , wi th movemen t of the wrist, 

the interfacing joint s t ructures will tend to move 

wi th the nerve, which would then reduce the amoun t 

of longitudinal movemen t of the nerve relative to the 

joint s t ructures . Prevention of wrist movement 

enables the nerve to slide relative to the ne ighbour

ing s t ructures such as the transverse carpal l igament 

above and bones undernea th . This will mean that 

the t endons will still slide longitudinally with the 

nerve somewhat , a l though their movement is 

greater in ampl i tude than the nerve as the fingers 

move . The rat io of t endon movemen t to nerve 

m o v e m e n t that we have observed informally tends 

to vary between approximately 5:1 and 20:1, how

ever, formal measu remen t would be necessary to 

establish accurate values for this p h e n o m e n o n . 

At low level 2, the glenohumeral joint is gradually 

positioned toward 90° abduction and the nerve mobil

ization is reversed to it being performed in a proximal 

direction. Hence, in this position, the wrist and fingers 

are flexed whilst the elbow is extended during the 

mobilization (position towards/move towards). 

At high level 2, the neurodynamic technique 

utilises scapular depression and /o r contralateral 

lateral flexion of the neck as posit ional elements 

and the wrist and f inger f lexion and elbow extension 

movemen t s are repeated. It is impor t an t to make the 

t h u m b move into the pa lm of the hand under the 

fingers so that the m o t o r b ranch of the nerve is 

mobil ized effectively (Figs 10.22 and 10.23). 

Distal sliding dysfunction 

In the M N T 1 posit ion, the distal sliding dysfunction 

displays itself as an increase in symptoms with finger 



extension movements and a decrease in symptoms 

with movements that p roduce proximal migra t ion 

of the nerve. Hence, cervical contralateral lateral 

flexion will p roduce a reduct ion in h a n d symptoms 

in the M N T 1 posi t ion. 

The preparat ion for the distal sliding dysfunc

t ion with the M N T 1 is the same as for the level 2 

proximal sliding dysfunction above. Effectively, the 

progressions are reversed so that the principles of 

posit ion and move away and towards are fulfilled. At 

low levels of the distal sliding dysfunction, however, 

the clinician will modify the technique according to 

the patient 's needs. 

Sliding of the nerve on the adjacent t endons 

Wha t is interesting about the dynamics of the median 

nerve at the wrist is tha t the slider of the nerve in 

the direct ion of finger m o v e m e n t (e.g. extension) 

produces m o v e m e n t of the nerve with the t endons 

in this direct ion. In this s i tuat ion, no t as m u c h slid

ing of the nerve relative to the t endons takes place as 

could be the case wi th o ther combina t ions of move

ments . W h a t t u rns ou t to be the best slider of the 

nerve in the opposi te direct ion of the t endons is in 

fact the tensioner of the nerve. This is because exten

sion of the fingers p roduces distal m o v e m e n t of the 

t endons and, simultaneously, the nerve is pulled 

proximally by a proximal m o v e m e n t such as con

tralateral lateral flexion of the neck. Hence, all o ther 

things being equal and w h e n the wrist jo in t stays 

still, the neura l tens ioner p roduces proximal move

m e n t of the nerve at the wrist whilst the t endons 

move distally with the fingers. I therefore advocate 

an e lement of gentle tensioners at some stage of 

carpal t unne l syndrome rehabil i tat ion to make sure 

that all the sliding possibilities of the nerve have 

been opt imized. 

Tension dysfunction 

The tension dysfunction is exhibited by the patient 's 

symp toms being evoked w h e n tension is applied to 

the nerves from bo th ends of the tract . Hence , in the 

M N T 1 posi t ion, contralateral lateral flexion of 

the cervical spine a n d wrist and finger extension 

will be symptomat i c and release of either of these 

movemen t s will reduce s y mp t o ms . As men t ioned 

earlier in this book, tensioners at level 1 are often 

unsuccessful bu t m a y be a t t empted and are similar 

to those for the med ian nerve at the elbow. 

Generally, sliders in b o t h distal and proximal direc

t ions as large ampl i tude techniques are good for 

level 1 carpal tunne l syndromes wi th a significant 

sensitivity to tension. 

At level 2, the tensioner can be in t roduced . It is 

per formed as a wide ampl i tude mo v emen t , b u t at 

first i t m u s t no t evoke symptoms . For instance, the 

pat ient is pos i t ioned for the M N T 1 and, wi th no lat

eral flexion or wrist and finger extension a n d the 

a r m is abducted to be tween 45° a n d 90°. The mobi l 

izations consist of elbow and finger extension in an 



elbow posi t ion that is satisfactory for the pat ient . 

As the p rob lem improves , wrist extension may be 

added as high level 2 t rea tment . 

At level 3a, the movemen t s of contralateral lateral 

flexion of the neck a n d / o r scapular depression are 

added and the wrist, finger and t h u m b movemen t s 

are repeated. The level/type 3b sequence can be to 

mobilize elbow extension after arriving gently 

toward the end of a comfortable range of the distal-

to-proximal sequence of the M N T 1 . The level/type 

3c t r ea tment is also to mobilize elbow extension 

with addi t ional interface t rea tment , for instance, 

per forming horizontal extension. This technique is 

described u n d e r level/type 3c testing. 
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Lumbar spine 



Slump test 

Level 1 
Neurodynamic sequencing 
Recapitulating, the neurodynamic sequencing vari

ations in the slump test for level 1 are designed to 

prevent physical stresses from rising unduly so that 

the patient's symptoms are not provoked. 

Stage 1 - if the patient can sit without provocation of 

symptoms, they adopt the starting position as for the 

standard slump test. However, if they can not sit com

fortably in this position, they are encouraged to alter 

their position so as to become comfortable. If this 

is successful, the appropriate neurodynamic move

ments, except lumbar and thoracic flexion are added 

to this position. The effect is to protect the painful 

interface whilst, at the same time, test the neural tissues 

in their inner range of motion. Consequently, the 

whole slump test is not completed, but sufficient infor

mation on the potential role of neuropathodynamics 

is gained. If the patient can not sit comfortably at level 

1, then the slump test is not performed unless it will 

actually reveal useful information without undue 

provocation. Instead, the straight leg raise and passive 

neck flexion are performed as the means of obtaining 

information on the patient's neurodynamics. 

Stage 2 - neck flexion is performed by the patient 

whilst the therapist supports the patient's forehead 

with their hand and prevents too rapid a descent of 

the head. The movement is taken to the first onset of 

symptoms only. If lumbar symptoms occur, the neck 

is then returned to the neutral position. When neck 

flexion produces an increase in the lumbar symp

toms and they are the patient's clinical pain, the test 

is deemed to be an overt abnormal response (for 

classification of responses, see Chapter 5) . 

Stage 3 - dorsiflexion may then be performed pas

sively by the therapist and this is followed by passive 

knee extension to the first onset of symptoms. As soon 

as lumbar symptoms occur, the dorsiflexion is released 

to ascertain if it produces an effect on (reduces) the 

lumbar symptoms. If the answer is yes, then the test is 

deemed to be abnormal. The value in the above 

sequences of movement is that they do not provoke 

the patient's symptoms yet the necessary information 

on neurodynamics has been obtained (Fig. 11.1). 

P H Y S I C A L EXAMINATION AT 
L E V E L S 1 AND 3 



Diagnosis of dysfunct ions 
When neck flexion only is abnormal, the diagnosis 

of a cephalad sliding dysfunction is made and when 

knee extension alone is abnormal a caudad dysfunc

tion may exist. In the case of both neck flexion and 

knee extension being abnormal when performed at 

the same time, a tension dysfunction is implicated, 

as summarized in Table 11.1. 

The level 2 slump test is simply the standard one 

described in Chapter 7. 

Level 3 
Type 3a neurodynamically sensitized 
The level/type 3a (neurodynamically sensitized) 

position for the slump test for the lumbar spine 

incorporates the additional sensitizing manoeuvres 

of medial rotation and adduction of the hip, dorsi

flexion of the ankle and contralateral lateral flexion 

of the spine. 

Technique - the therapist stands on the patient's 

contralateral side with both feet on the floor so that 

their reach can extend to the patient's head and feet. 

The patient adopts the position for the full standard 

slump test and the therapist tells the patient to droop 

their near (contralateral) shoulder downward to the 

plinth. The therapist then leans gently on the shoulder 

and upper trapezius region with their near forearm 

whilst the hand extends to the far side of the patient's 

occiput. The therapist then takes the patient's far (ipsi-

lateral) foot with the free hand and guides the whole 

limb into medial rotation and adduction and finalizes 

the technique with dorsiflexion. For lumbar symp

toms, structural differentiation is performed in the 

form of releasing neck flexion and dorsiflexion and 

the response is classified (Fig. 11.2). 

Straight leg raise test 

Level 1 
Testing the lumbar spine with the straight leg raise 

test at level 1 is quite simple and should be performed 

gently, slowly and carefully with close attention being 

paid to the patient's symptoms. This is particularly 

important on account of the problem being at level 1 

and rather sensitive. 

Technique - the patient in supine with a straight 

knee, if possible. Passive dorsiflexion is performed 

first, then the patient's lower limb is raised slowly and 

gently to the first onset of symptoms, keeping the 

knee straight. At this point, the dorsiflexion is 

released and the symptoms observed. Classification 

of the response is the next step. If the patient's symp

toms are reproduced, and they reduce with releasing 

dorsiflexion, the response is classified as overt abnor

mal. If subtle abnormalities (physical or subjective) 

compared with the same test on the contralateral side 

are present, and they change with dorsiflexion, the 

response is then deemed to be covert abnormal. For 

more information on classification of responses, see 

Chapter 5. 

Level / type 3a 
The sensitizing manoeuvres for the straight leg raise 

consist of internal rotation and adduction of the hip. 

Contralateral lateral flexion of the lumbar spine may 

also be performed. 

Technique - the straight leg is raised to the first 

point of symptoms, then internal rotation and 

adduction are performed. If contralateral lateral 

flexion is included in the test the movement is 



performed as the first one to set the test up and pre

vent extraneous movement occurring. Dorsiflexion 

is added at the end of the manoeuvre for the pur

poses of differentiation (Fig. 11.3). 

Prone knee bend 

Level 1 
The technique for the prone knee bend for level 1 is 

modified somewhat from the standard test because, 

by definition, the differentiation part must not 

increase symptoms. Hence, the first movement is to 

stabilize the pelvis, or even roll it slightly into a pos

terior rotated position by applying pressure on the 

sacrum in this direction. The knee is then flexed to 

the first onset of lumbar symptoms, if they actually 

occur. At this point, the pelvis is let to roll back 

into the anterior rotated position whilst the knee 

position is held stationary. This final manoeuvre is 

likely to reduce neural tension and release the nerves 

but it increases lumbar extension. Hence, if the 

symptoms reduce with the release of posterior rota

tion, there may be a neural component to the test 

response. 

Level 3 
A level 3a technique for the L2-3/femoral component 

of the nervous system is simply to add contralateral 

lateral flexion to the prone knee bend prior to per

formance of the test. The same applies to the femoral 

slump test (Fig. 11.4). 

TREATMENT 

Mechanical interface 

Reduced closing dysfunct ion 
Introduction 
Even though the following treatment techniques act 

through the musculoskeletal system, they are a mag

nificent illustration of neurodynamics in action. 

This is because, in the early low levels, treatment 

affects mainly the pathophysiological mechanisms 

in and around the nerve root and, as the problem 

progresses to higher levels, the dominant mech

anism is pathomechanical in nature, which the treat

ment attacks specifically then too. The following is 

a good example of mechanics and physiology of the 



nervous system interacting and treatment being 

tailor-made to affect each relevant component. 

One of the more important aspects of the reduced 

closing dysfunction is that it is usually caused by a 

space-occupying lesion such as a disc bulge, swollen 

posterior intervertebral joint or stenotic changes. 

It may also be a result of inflammatory changes in 

or around the neural structures, causing them to 

become hypersensitive. The neural tissues themselves 

can be swollen and under pressure from dilated veins 

in the intervertebral foramen and rest of the radicu

lar canal. These vascular changes therefore become 

part of the mechanical dysfunction through altered 

pressure dynamics. Hence, usually the best treatment 

in these circumstances is to open up the interface so 

as to reduce pressure. This is likely to improve intra

neural venous return and capillary blood flow and 

produce a reduction in sensitivity and pressure in the 

area. The reason for not advocating a closing tech

nique at level 1 is that it is likely to compress an 

already sensitive and potentially hypoxic neural 

structure. Generally therefore, I advocate opening 

techniques in the early stages of a reduced closing 

lumbar dysfunction. As the problem settles, tech

niques that improve the pathodynamics related to 

the motion segment can be applied, such as closing 

techniques and other forms of mobilization. As will 

be seen, an inadvertent result of this approach is that, 

in the early stages, treatment for the reduced closing 

dysfunction ends up being similar to that for the 

reduced opening category. 

Level 1 
Progressions 1, 2, 3 and 4 - static opener 

The 'static opener' at level 1 of the reduced closing 

dysfunction is one of the most important and useful 

techniques for the patient with sciatica and distal 

neurological symptoms because, when performed 

well, it is so often effective. 

Position - contralateral side lying (painful side 

uppermost) the hips and knees are flexed to 90° or 

higher and the patient is moved to the edge of the 

plinth so that their knees protrude a hand's breadth 

over the side of the bed. If the patient can not flex 

their hips and knees sufficiently, it is permissible to 

raise them only as high as is comfortable. This flexion 

manoeuvre is designed to open up the spinal canal 

and radicular canals. It does this by allowing the legs 

and feet to drape over the edge of the plinth and 

therefore also produce contralateral lateral flexion of 

the lumbar spine on the symptomatic side. The result 

is that pressure is taken off the nerve roots. Neverthe

less, a sudden rush of blood through the nerve root as 

pressure is removed can be painful. So, if the manoeu

vre produces too much opening and is provocative, 

one of the patient's feet can be placed back on the 

plinth. A partial reversal of the lateral flexion therefore 

occurs. If this position is still painful, then the other 

foot can also be placed back on the plinth, which 

reduces the lateral flexion even further. At this point, 

much of the lateral flexion will have been removed, 

so it is then advisable to place a bolster in the form 

of a rolled up towel or other such object under 

the patient's waist to add a small amount of localized 

lateral flexion without producing symptoms. At the 

other end of the spectrum, in some patients, even their 

legs hanging off the side of the plinth is not sufficient 

to produce a good amount of lateral flexion. If this 

occurs, a bolster, as mentioned above, can again be 

used to increase the lateral flexion. In the general 

application of the technique, because problems at level 

1 are somewhat irritable, the position adopted must be 

modified in small increments with careful reference to 

the patient's symptomatology. 

During each of the applications of the 'opener', the 

therapist checks that the appropriate amount of 

lateral flexion has been achieved and monitors the 

effects of lateral flexion on the patient's symptoms. 

Once a comfortable position has been found, and this 

means one that reduces the patient's symptoms (par

ticularly distal ones), the patient is asked to remain 

in this position for approximately one minute. This 

duration allows time for new blood to flow through 

the nerve root and improve nutrition. If this produces 

a small or moderate improvement, the position can 

be adopted twice more in the same session. If a 

dramatic improvement occurs, the technique is not 

repeated in the same session, and the patient is 

reassessed on another day. If symptoms develop whilst 

the patient is in this 'opened' position, the patient is 

instructed to return to a comfortable position until 

the symptoms settle. This treatment can still be 

repeated once or twice more to establish the consis

tency of the response, as long as the response is 

satisfactory. Reassessment is always performed after 

each application, particularly symptoms at rest, 

neurological symptoms and signs and optionally one 

neurodynamic test to the first change in symptoms 



only. The patient is not instructed to perform this 

technique as a home exercise at this stage because it is 

important to establish the long-term effect (at least 24 

hours) of the treatment. The number of patients who 

improve with this treatment, particularly in relation to 

neurological signs and pain, is astounding. The patient 

most suited to this treatment is that in whom neuro

logical symptoms, such as numbness and pins and 

needles, occur distally, and more so if they are present 

much of the time. In the patient who has severe pain 

near their spine and in the buttock, this treatment can 

be helpful but they are often quite sensitive to opening 

techniques so they are to be progressed cautiously and 

slowly. This technique is not appropriate for patients 

whose symptoms are provoked by opening tech

niques. However, to be sure this is the case, the thera

pist must perform the techniques carefully and 

correctly. If they are executed clumsily and without 

small incremental changes, the therapist will discard 

them hastily and the patient will miss an opportunity 

to receive effective treatment. Mobilizations are not 

performed at this stage. However, if, at the second ses

sion, the patient reports an improvement, it is then 

advisable for them to use the 'static opener' as a home 

treatment, but as a position, not a mobilization. 

In appointing each of the above positions to a scale 

of incremental steps, progression 1 is the patient lying 

on their side with a bolster under their waist with their 

hips and knees flexed comfortably. Progression 2 is 

with their lower or upper leg suspended over the side 

of the plinth whilst the other foot rests on the bed and 

the hips and knees flexed to 90° or more, if possible. 

Progression 3 is with both legs lying over the side of 

the plinth, producing lateral flexion. Progression 4 is as 

progression 3 but with an additional bolster under the 

patient's waist. In all progressions, the patient is asked 

to relax their trunk muscles so that they let their pelvis 

roll on the bed to allow lateral flexion. The patient's 

hands are placed according to the figures below. In 

more advanced cases, the therapist can hold the pelvis 

in a caudad direction (producing more contralateral 

lateral flexion) (Figs 11.5,11.6,11.7 and 11.8). 



Dosage - as the patient becomes able to perform 

this opener at home, they may administer it approxi

mately several times per day. It is not normally a case 

of the-longer-the-better and, in the early stages, 

holding the position for longer times increases the 

risk of reactive hyperaemia in the nerve roots and 

consequent reperfusion pain. Hence, the patient is 

told not to increase the time without careful super

vision from the therapist. The maximum time I advo

cate for this manoeuvre is 5-15 minutes but this is 

attained with the addition of small increments over 

at least several treatments. 

Dynamic opener 
Movement - the therapist stands facing, and leans 

over, the patient. The intention is to gently mobilize 

the patient's pelvis, alternating between opening and 

returning to the starting position. This means that 

the therapist's proximal hand holds the superolateral 

surface of the patient's ilium whilst the distal hand 

and forearm pass over the patient's buttock to cup 

over the ilium as well. With maximum contact area 

for patient comfort, the movement is produced by 

the therapist applying pressure in a caudad direction 

on the patient's ilium making the pelvis rock over the 

downward greater trochanter. It is imperative that 

the therapist does not push or lean on the patient 

heavily, as this will cause discomfort in the down

ward hip as it presses into the plinth. The therapist 

uses their whole body from the feet upward to gener

ate the movement. The mobilization is performed 

slowly and gently as a reasonably wide amplitude 

movement. 

This mobilization probably produces more 

opening than earlier and certainly mobilizes the 

motion segment. It also produces a pumping action 

around the nerve root, which may help nerve root 

blood flow. 

Dosage - up to 10 mobilizations initially before 

reassessing. This sequence may be repeated several 

times in the same session (Fig. 11.9) and ultimately 

can reach 20 or 50 movements each time. 

Level 2 - dynamic closer 
Position - for the dynamic closer, the patient is posi

tioned in contralateral side lying, with their hips and 

knees flexed to 90°, but this time with their legs 

on the bed. The mobilization is now changed to be 

in the closing direction. This is because the problem 

will have settled sufficiently to the point where it will 

now tolerate, and benefit from, mobilizations that 

are directed more specifically at the mechanical dys

function in the interface, that is, reduced closing. 

Like the dynamic opener, it will produce a gentle 

pumping action but the peak pressure will be greater 

than in the case of the opener. This treatment is 

aimed at improving the closing mechanism around 

the intervertebral foramen through mobilization of 

the motion segment. 

Movement - the therapist leans over the patient 

whilst placing their distal hand or forearm on 

the patient's buttock between the trochanter and 

ischial tuberosity. This is the key contact point at 

which the mobilization is initiated and controlled. 

The other hand palpates the segmental motion to 

verify that the movement produced by the mobiliza

tion is satisfactory. The mobilization is produced 

from the therapist's feet upwards in which the 

key contact point is used to rock the pelvis in a 

cephalad direction, therefore producing a closing 

movement at the motion segment and intervertebral 

foramen. 

Dosage - the manoeuvre should not evoke signi

ficant symptoms and can be oscillated 10-20 times. 

It may be repeated several times in one session. 

Progression 2 - dynamic end range closer 

Position - contralateral side lying, hips and knees 

flexed to 90°. If sufficient flexion of these joints is 

not achieved, the lumbar spine will not follow with 



lateral flexion correctly and, instead, lumbar flexion/ 

extension will contaminate the procedure. Also, 

the patient will experience excessive pressure on 

their lower thigh as it is pressed too hard into the 

plinth. Then, facing cephalad, the therapist holds 

the patient's feet with their distal hand underneath 

the patient's lower foot and applies pressure to the 

posterior surface of the patient's greater trochanter 

with their proximal hand. The correct ipsilateral lat

eral flexion (closing) motion is achieved by the ther

apist moving the patient's feet around an axis that 

passes anteroposteriorly through the pelvis and 

moving the pelvis through application of pressure in 

a cephalad direction on the patient's buttock/greater 

trochanter. Care is taken to perform the movement 

correctly in the frontal plane by producing a slow 

rolling motion of the pelvis and legs. 

Dosage - sometimes local lumbar symptoms 

occur with this mobilization but they should only be 

mild at most and should subside instantly. The tech

nique may be oscillated 10-15 times and performed 

up to several times in one session (Fig. 11.10). 

Reduced open ing dysfunct ion 
The dynamic openers for the reduced opening dys

function are performed in a similar fashion to those 

for the reduced closing dysfunction. They are pro

gressed gradually in the direction of opening and are 

effectively a standard lumbar mobilization for con

tralateral flexion. 

Neural dysfunctions 

Genera l i zed two-ender sliders 
Introduction 
One of the more useful general neural techniques in 

relation to the lumbar spine is the two-ended slider 

because it is particularly effective in relieving pain. 

This slider is comparable to Maitland's grade III 

technique in which movement without much physi

cal stress in the tissues is the key event. Hence, it 

can be used before and after mobilizations that evoke 

symptoms or approach the higher end of function. 

It can also be used to relieve persistent aches and 

hypersensitivities that are produced by inflammatory 

changes in or around the neural tissues. The two-

ended slider is a general technique with wide applica

tion and moves the neural tissues in the lumbosacral 

region up and down in the spinal canal. 

With all the two-ended sliders of the lumbar spine, 

amplitude of movement is a key factor. Generally, at 

the lower levels, small amplitudes are used, whereas, 

at the higher levels, larger amplitudes are the focus in 

order to facilitate sliding of the neural tissues with the 

aim of reducing sensitivity. 

Position - side lying, painful side uppermost or if the 

problem is symmetrical the decision on which side 

should lay uppermost is arbitrary, hips and knees 

flexed to approximately 45°. The neck movements 

(both flexion and extension) are generally performed 

to a comfortable range and, if this is satisfactory, the 

movements may be progressed further into the range. 

Movements - neck extension/bilateral knee extension 

then neck flexion/bilateral knee flexion. The neck 

movements are generally performed by the therapist 

whilst the patient moves their knees. Dorsiflexion is 

optional. 

The two-ended sliders can also be performed in the 

sitting position if this is more convenient. A benefit 

is that the patient can perform them easily in this 

position as a home exercise (Fig. 11.11). 

Cepha lad /prox ima l s l id ing dysfunct ion 
General points 
The chief clinical features of this dysfunction are as 

follows. The patient usually strains their back during 

a lifting incident. The pain pattern often shows an 

inflammatory pattern with morning stiffness and 



aching. Even though the pain is often situated in the 

midline, it can be unilateral. The symptoms are 

reproduced by cephalad sliding of the neural struc

tures in the lumbosacral region, that is, neck flexion, 

and are eased, or not affected, by straight leg raising. 

Lumbar flexion in standing can be painful and the 

pain increases with the addition of neck flexion. 

Interestingly, lumbar extension is often shows little 

in the way of abnormality. An essential aspect of 

treating this problem is to be familiar with the pro

gressions of neurodynamic techniques from level 1 

to 3 for this dysfunction. 

Level 1 
Position - the patient lies with their painful side 

uppermost with their neck in neutral and supported 

by a pillow. If this position does not ease the patient's 

symptoms sufficiently, the neck may be placed in 

some degree of extension. The hips and knees are 

flexed to approximately 45° in preparation for a knee 

extension mobilization (position away/move away). 

Movement - ipsilateral knee extension. This should 

not reproduce the patient's symptoms (Figs 11.12 

and 11.13). 



The next progression is to position the patient's 

neck further into flexion and the leg movements, as 

above, are repeated (position towards/move away). 

Level 2 
At low level 2, the following progression applies. 

Position - side lying, painful side uppermost, knees 

and hips straighter, neck flexed to a point immedi

ately short of discomfort. 

Movement - ipsilateral straight leg raise from the 

neutral position (Figs 11.14 and 11.15). 

The subsequent progressions are as follows: 

a. Position - as in the above progression, except the 

neck is positioned in neutral flexion/extension, 

ready for a passive neck flexion mobilization. 

Movement - passive neck flexion is performed as 

far as comfortable into the available range. Some 

lumbar symptoms may be evoked. However, they 

should only be mild and should cease immediately 

after the technique is completed. 

b. Position - sitting over the side of the bed. 

Movement - neck and thoracic flexion to the end 

of the available range without provoking symp

toms. This time, contralateral lateral flexion can 

be included in the mobilization (Fig. 11.16). 

In the event that the dysfunction is located in the 

midline, similar techniques are performed however 

they are made bilateral and symmetrical. Hence, the 

above techniques can be applied whilst in the supine 

position or still in side lying but with bilateral 

straight leg raise positioning and movements. 

In addition, if the above techniques for a unilat

eral problem seem intrusive, they can be performed 

as bilateral techniques at lower levels because the 

contralateral nerve root will take some of the ten

sion off the ipsilateral one. 



Caudad/d is ta l s l id ing dysfunct ion 
Clinical features 
The symptoms of the caudad/distal neural sliding 

dysfunction are evoked by movements that produce 

sliding of the neural tissues in the lumbosacral region 

in a caudad direction. An example would be the 

straight leg raise reproducing the patient's symptoms 

whilst passive neck flexion does not. Performance of a 

neurodynamic movement can reduce the symptoms 

e.g. passive neck flexion reduces low back pain and 

permits more normal lower limb movement with the 

slump test. Sometimes, these patients say that they 

can bend over without back pain, as long as they have 

their neck flexed. 

Level 1 
Progression 1 

Position - the patient lies with their painful side 

uppermost, the hips and knees at approximately 45° 

flexion and the neck in neutral flexion/extension. 

This position reduces the caudad tension in the ipsi

lateral neural elements and will assist in moving 

them away from the provoking (caudad) direction. 

The ipsilateral knee may need support in the form of 

a pillow so that it does not rest on the plinth and pro

duce lumbar rotation. If the symptoms do not reduce 

sufficiently with this position, it is acceptable to flex 

both knees and reduce the amount of bilateral hip 

flexion so as to reduce caudad tension even more 

(Fig. 11.17). 

Progression 2 

Position - side lying, painful side uppermost, the 

hips at approximately 45° flexion and the ipsilateral 

knee straight, although short of symptoms. This will 

draw the neural elements slightly caudad whilst the 

mobilization moves them in the cephalad (easing) 

direction with passive neck flexion (position 

towards/move away) (Fig. 11.18). 

Level 2 
Progression 1 

Position - side lying, painful side uppermost and the 

neck flexed to its comfortable limit (position away). 

Movement - gentle ipsilateral straight leg raise to 

its maximum comfortable range (move toward) 

(Fig. 11.19). 

Progression 2 

Position - as in the above progression, except the 

neck is positioned in neutral flexion/extension. 

Movement - ipsilateral straight leg raise. 

Progression 3 

Position - side lying, painful side uppermost, neck 

positioned in extension to permit increased caudad 

sliding (position toward). 



Movement - unilateral straight leg raise (move 

toward). Some stretching symptoms may occur 

in the treated thigh with this procedure. However, 

these must cease when the technique is completed. 

Progression 4 

Position - seated on the plinth as for the slump test. 

Movement - cervical and thoracic extension, knee 

extension with or without dorsiflexion. Care is taken 

to ensure that the neck and thoracic spines extend 

fully and are returned to the neutral position each 

time the movement occurs. The reason for stating 

this is that this technique often suffers from lack of 

amplitude (Fig. 11.20). 

Progression 5 

Position - ipsilateral long-sitting parallel with the 

plinth, short of symptoms. 

Movement - neck and thoracic extension to the end of 

the available range combined with knee extension and 

dorsiflexion to optimize caudad sliding. The emphasis 

in terms of handling is through the therapist guiding 

the thoracic and cervical spines into extension, whilst, 

at the same time, making sure that the patient flexes 

over their hips (Figs 11.21 and 11.22). 

In the event that the patient shows signs of a sym

metrical sliding dysfunction, the following progres

sions can be executed as bilateral techniques through 

lower limb movements in a pattern similar to that of 

the above unilateral techniques. Such signs consist 

of midline lumbar pain and symmetrical restriction 

of limb and spinal movements. 

Tension dysfunct ion 
Clinical features 
In the tension dysfunction, lumbar symptoms evoked 

by neurodynamic testing show a characteristic feature 



that differentiates them from the sliding dysfunc

tion. The symptoms increase with performance of a 

neurodynamic movement in one direction and, with 

the addition of another movement from the oppo

site direction, the symptoms increase further. This 

is because tension in the nervous system increases 

when neurodynamic movements from opposite 

directions are performed. For instance, in the slump 

position, neck flexion reproduces the patient's low 

back pain, which increases further with the addition 

of knee extension/dorsiflexion. 

Which end do I mobilize? 
The true two-ended tensioner involves movement 

from both cephalad and caudad ends. However, this 

is sometimes impractical in those patients whose 

problem is quite irritable. Therefore, the over-riding 

condition placed on the following progressions 

related to the tension dysfunction is that the ther

apist decides which end to position and which to 

mobilize. The decision is quite arbitrary and is influ

enced by factors related to patient acceptance, ther

apist convenience and therapeutic efficacy. 

Background and rationale for treatment 
Just as it is in the cervical spine, so is using contra

lateral or bilateral neurodynamic tests a key principle 

in treatment of the neural tension dysfunction in the 

lumbar spine. As stated earlier, the mechanism of 

greatest benefit is that which produces a reduction in 

tension in the treated side by the addition of a con

tralateral limb position or movement (see Chapter 2 

on specific neurodynamics). The basic principles are 

as follows. Consistent with the progressional system 

'position away/move away' advancing to 'position 

toward/move toward', addition of the contralateral 

neurodynamic test produces the effect of 'position

ing or moving away' from the direction of the dys

function because it reduces tension in the treated 

nerve roots. As the problem improves through the 

levels, the so-called assistance provided by applying 

the contralateral test reduces (position toward) and 

use of the ipsilateral test then progressively adds a 

small amount of tension in the neural tissues (move 

toward). Hence, what follows in a set of progressions 

that applies these principles at level 1. 

At level 2, and to start with, the use of gravity takes 

place, in which the ipsilateral limb is placed upper

most so that the neural elements undergo a reduc

tion in tension, to which tension movements are 

applied (position away/move toward). As the patient 

improves, they are then taken more into the tension 

movements (position toward/move toward). 

Level 1 
Progression 1 

The patient is positioned in the generic off-loader 

for the lumbosacral nerve roots and sciatic nerve. 

The patient may apply this at home as frequently as 

they are capable (Fig. 11.23). 

Progression 2 

The next progression is to, in the position for pro

gression 1, gently perform dorsiflexion or knee exten

sion on the contralateral side (position away/move 

away). This should not produce an increase in 

symptoms. If it does, the technique should be ceased 

and other treatment applied. Incidentally, in view of 

the fact that neural tension dysfunctions at level 1 tend 

to be quite sensitive, it is recommended that musculo

skeletal treatments in addition to neurodynamic tech

niques are performed, whenever appropriate. 

Progression 3 

Position - this mobilization is executed in the same 

general position as progression 2 except the knee is 

extended with ankle dorsiflexion. 

Subsequent progressions include the addition of 

contralateral hip flexion. The overall result of the 



above is building of the contralateral straight leg raise 

in small increments. 

Level 2 
Progression 1 

Position - the patient lies with their painful side 

uppermost with their neck in neutral and sup

ported. Both hips and knees are flexed to a point 

short of symptoms in preparation for a mobilization 

involving dorsiflexion of the ankle. The reason both 

limbs are positioned as such is to decrease tension in 

the treated side. As mentioned, the patient lies on 

their contralateral side because this reduces tension 

in the treated nerve root. 

Movement - active dorsiflexion of the ipsilateral 

ankle and passive neck flexion to a comfortable range. 

However, if necessary, it is possible to move one 

end, depending on the patient's symptomatology. 

This technique should not reproduce the patient's 

symptoms (Fig. 11.24). 

Progression 2 

Position - as in the above progression, except the 

straight leg raise angle of the contralateral (down

ward) lower limb is reduced. This will add a degree 

of tension to the treated nerve root. 

Movement - passive neck flexion and active knee 

extension with some dorsiflexion are performed as 

far as comfortable into the available range. Lumbar 

symptoms at this stage do not always occur. However, 

if they do, they should only be mild and should cease 

immediately after the technique is completed. 

Progression 3 

Position - as above, except the neck is placed in 

maximum comfortable flexion. 

Movement - ipsilateral straight leg raise (without 

dorsiflexion) to mild to moderate resistance and 

mild symptoms. 

Progression 4 

Position - ipsilateral side lying (change to painful 

side down). This sensitizes the leg raise for the lower 

side (as described in Chapter 2) . 

Movement - ipsilateral straight leg raise, as in 

progression 3. Dorsiflexion can also be added to 

advance the technique further. 

Progression 5 

Position - seated as for the slump test. 

Movement - neck flexion and knee extension. A 

subsequent progression would be to add active or 

passive dorsiflexion (Figs 11.25 and 11.26). 

Level 3a 
Progression 1 

Position - sitting over the side of the plinth in the 

slump position. 



Movement - neck flexion and ipsilateral knee exten

sion to the end comfortable available. This time, 

contralateral lateral flexion of the spine, internal 

rotation and adduction of the hip and knee exten

sion are performed. No overpressure is given. 

Instead, the therapist uses their hands to help guide 

the movement, feel for resistance and muscular behav

iour patterns and teach the patient how to control 

the movement themself. The techniques of level 3 

can produce some degree of resistance and muscular 

stretch symptoms. However, they must cease when 

the technique is completed. 

Dosage - several mobilizations are performed. A 

pause is also given between each mobilization. The 

each set of mobilizations may be repeated several 

times per treatment session, however, I do not rec

ommend more than this (Figs 11.27 and 11.28). 

The technique can be progressed further by per

forming it in long sitting (Figs 11.29 and 11.30). 



Int roduct ion to the complex 
dysfunct ions 
Because neuropathodynamic events usually come 

from the mechanical interface, I have dealt with 

conditions in which both components are affected 

with respect to the interface dysfunction categories. 

What then follows are progressions that are designed 

to treat both components simultaneously. As a con

sequence, this naturally places these dysfunctions in 

the level/type 3c bracket. This format is preferable, 

especially for the practitioner who is not particularly 

familiar with neurodynamics because it encourages 

the clinician to work through the single dysfunctions 

first before attempting to treat them as complex ones. 

Level / type 3c - reduced closing w i th 
distal s l id ing dysfunct ion 
Position - the patient is positioned on their con

tralateral side (painful side uppermost), the hips and 

knees are flexed to 90° and supported on a pillow. 

Movement - the closing manoeuvre, is performed 

whilst the patient performs knee extension actively. 

The next progression would be to add active 

dorsiflexion. 

Dosage - 5-10 oscillations, can be repeated up to 

several times in one session (Figs 11.31 and 11.32). 

Level / type 3c - reduced closing wi th 
prox imal sl iding dysfunct ion 
Level 3c - multistructural 

Progression 1 

Position - the patient is positioned on their con

tralateral side (painful side uppermost), the hips and 



knees are flexed to 90° with their thoracic spine in 

flexion and their neck in neutral supported by their 

own hand. 

Movement - the closing manoeuvre of the reduced 

closing dysfunction is performed whilst the patient 

performs neck flexion actively, guided and sup

ported by their hand. The patient will need to slide 

comfortably on the plinth. This mobilization some

times evokes symptoms but, as usual, they should 

only be mild and should always subside instantly. 

The patient must relax their lumbar spine during 

this technique (Figs 11.33 and 11.34). 

Reduced closing w i th tens ion 
dysfunct ion 
Level 3c - multistructural 
Progression 1 

Position - the patient is positioned as for the previ

ous technique. 

Movement - a closing manoeuvre is performed 

whilst the patient performs neck flexion and ipsilat

eral knee extension actively (Figs 11.35 and 11.36). 



Reduced open ing w i th distal s l id ing 

dysfunct ion 

Level 3c - multistructural 
Position - the patient is positioned on their con

tralateral side (painful side uppermost), the hips and 

knees are flexed to 90° and their legs over the side of 

the bed. 

Movement - contralateral lateral flexion (dynamic 

opener). This technique is performed in conjunc

tion with knee extension as part of the straight leg 

raise and active dorsiflexion may be added. 

Frequently the lumbar muscles tighten during this 

mobilization. There may be a hyperactivity and pro

tective dysfunction which can be treated with soft 

tissue techniques to the lumbar muscles during the 

mobilization. For instance, the muscles could be 

stretched manually whilst the patient relaxes them 

and performs knee extension as the therapist also 

mobilizes into the opened position. 

Reduced open ing wi th prox imal 
s l id ing dysfunct ion 
Level 3c - multistructural 

Position - the patient is positioned on their con

tralateral side (painful side uppermost), the hips and 

knees are flexed to 90° and their legs over the side of 

the bed. Flexion of the thoracic spine is also per

formed. However, the neck is placed in neutral. 

Movement - the opening manoeuvre for the reduced 

opening dysfunction is performed whilst the patient 

performs neck flexion. 

Reduced open ing w i th tens ion 
dysfunct ion 
Level 3c - multistructural 
Position - the patient is positioned on their con

tralateral side (painful side uppermost), the hips and 

knees are flexed to 90° with their thoracic spine in 

flexion and their neck in neutral supported by their 

own hands. 

Movement - the opening manoeuvre, as before is 

performed whilst the patient performs neck flexion 

and knee extension actively. 

Another technique that is commonly needed for 

the above dysfunction is that which involves lumbar 

rotation mobilizations and straight leg raise. The 

patient lies on their contralateral side and, whilst a 

lumbar rotation mobilization is performed, various 

components of the straight leg raise are also executed. 

The therapist holds the patient's lower limb between 

their lower legs whilst supporting the patient's lower 

leg with their caudad foot. This means that the ther

apist stands on one leg and rotates about this leg in 

the process of moving the patient's knee into exten

sion. If hip flexion is performed, the therapist uses 

their pivot around the patient's hip joint in com

bination with pivoting around their grounded foot. 

This way different movements can be performed, 

knee extension or hip flexion, or a combination of 

both. The technique is rather unusual but, once per

fected, can occupy a regular spot in the therapist's 

repertoire (Figs 11.37 and 11.38). 

Muscle hyperact iv i ty dysfunct ions 
Introduction 
As mentioned in the chapter on general neuro-

pathodynamics, dysfunction in the nerve root may 

produce physiological and behavioural changes in 

the innervated muscles. This following section intro

duces several key principles related to the treatment 

of the level 3c category of problem involving neural 

tension and muscle hyperactivity. The two types of 

disorders to consider in this context are the protec

tive hyperactivity and the localized hyperactivity 



problems. In my experience, the protective hyper

activity dysfunction tends to act over a longer course 

of the neural structure. It therefore involves more 

muscles that are often biarticular. Such an example 

would be tight hamstring and calf muscles in 

response to pathodynamics in the SI nerve root. 

These components often do not emerge until the 

nervous system is tested at level 3c such as stretching 

the hamstring and calf muscles during a long sitting 

slump test. In this situation, the muscles will not 

release very well and will be more painful when com

pared with those on the contralateral side. The other 

dysfunction (localized muscle hyperactivity - alias 

trigger point) tends to be more localized and offers 

the clinician a trigger point which can become accen

tuated in a neurodynamic position. 

Protective hyperactivity dysfunction 
(e.g. S1 nerve root affecting the hamstrings 
and calf muscles) 
Testing 

Testing for the neural tension and protective hyperac

tivity dysfunction is performed using the straight leg 

raise and slump tests. At the end of each test, the mus

cle in question is elongated gently so that the therapist 

can ascertain its state of contraction in and out of the 

neurodynamic position. For instance, the calf muscles 

are passively elongated in isolation as a specific mus

cle test. The nervous system is then placed under ten

sion and the same muscle test is repeated. In the 

presence of the protective hyperactivity dysfunction, 

the muscles will become tighter when the limb is in 

the slump or straight leg raise position and this effect 

is greater than on the asymptomatic side. 

1. Test 1 - nervous system off-loaded - the patient 

is positioned in ipsilateral long sitting, leaning 

backward on their hands to off-load the nervous 

system. The calf stretch test in the form of passive 

ankle dorsiflexion is performed in this position 

and the symptoms and physical behaviour, such 

as resistance and range of motion, are observed. 

2. Test 2 - neurodynamic position - the patient then 

flexes their thoracic and lumbar spines and leans 

forward to the point of increased symptoms 

whilst the therapist holds the whole limb station

ary. The calf stretch test is performed again and 

then once more with neck flexion. Normally, 

either forward leaning or neck flexion produces 

an increase in calf tension or posterior thigh dis

comfort but, when compared with the other side, 

the difference can be substantial and indicates an 

abnormal response (Fig. 11.39). 

It should be emphasized that this technique is for 

level 3 patients with high expectations, such as ath

letes or people with only minor symptoms. Inclusion 

and exclusion criteria are covered in more detail in 

Chapter 6. 

Treatment 

The patient adopts the position for test 2 (spinal 

flexion), but stops immediately before the onset of 



symptoms. Facing the patient in a medial-to-lateral 

direction, the therapist grasps the limb so as to resist 

active plantarflexion and stabilize the rest of the limb. 

This position also gives the therapist the opportunity 

to easily control the patient's torso and head move

ments, if need be. The therapist's distal forearm then 

contacts the plantar surface of the patient's foot as 

the therapist's hand holds the calcaneum on its 

under surface. The therapist's proximal hand stabi

lizes the knee and the patient is instructed to press 

into the therapist's distal forearm, gently but firmly, 

with the ball of their foot. This is naturally a contrac

tion of the calf muscles. The manoeuvre should be a 

resisted static one and may evoke some symptoms, but 

they should subside immediately afterwards. The con

traction is held for a time between 5 and 15 seconds 

and, as the patient relaxes, the muscle is gently elon

gated by the therapist. This is essentially a contract-

relax neurodynamic technique. 

If the hamstrings were the focus of attention, the 

procedure would be modified somewhat. The ther

apist and patient would adopt a hamstring stretch 

position in supine and the muscles tested for symp

toms and resistance patterns, as above, with and 

without dorsiflexion. A more dramatic change in the 

relevant parameters compared with the contralat

eral side indicates abnormality. Treatment would 

then be administered through contract-relax tech

niques in the straight leg raise position. Further sen

sitization could also be added by performing the 

procedure in the slump position and adding dorsi

flexion if need be. 

Localized muscle hyperactivity dysfunction 
(alias trigger point) (e.g. S7 nerve root) 
Testing 

Testing for this dysfunction involves placing the 

affected limb in the straight leg raise position and 

palpating the muscles innervated by the related 

nerve root, in this case, those in the S1 myotome. 

This technique can, and should at times, be per

formed along the whole length of the nerve and 

includes the gluteal muscles, piriformis, hamstrings, 

popliteus, calf muscles and muscles in the plantar 

aspect of the foot, if necessary. The technique is per

formed in the contralateral side lying position and 

should be compared with the same procedure on 

the other side. Sometimes, palpation reveals tender 

spots and localized muscle holding that become 

more noticeable in the straight leg raise position 

than in the off-loaded position. The neurodynamic 

movements to be added during the palpation are 

dorsiflexion and side lying slump. 

Treatment 

Treatment consists of performing local soft tissue 

manual techniques that are used by most therapists, 

such as trigger point therapy, soft tissue releases, 

contract-relax and connective tissue massage. In 

the event that a neurodynamic component exists, 

the techniques are performed in the neurodynamic 

position to maximize their effects. Clearly, these tech

niques can be applied to many areas of the body and 

are based on the above principles (Fig. 11.40). 

MID-LUMBAR DISORDERS 

Neurodynamic testing 

Neurodynamic testing of the mid-lumbar region 

focuses on the prone knee bend. Sometimes, at level 

1, the test can be used in its standard form, however, 

the variation is that knee flexion is only taken to 

the first onset of symptoms and usually does not 

advance as far into the range as with levels 2 and 3. 

At level 1, sliders for the L2-4 nerve roots can 

be performed easily when the patient lies on their 



contralateral side and performs the neck and lower 

limb movements for the nerve root. For the proxi

mal slider, neck flexion is combined with hip flexion 

and knee extension. The therapist takes the patient's 

thigh and knee to produce the limb movements and 

the patient performs the neck movements. The dis

tal slider is produced by the therapist performing 

hip extension with knee flexion whilst the patient 

performs neck extension. 

Tensioners are generally reserved for levels 2 and 

3 and are created by forces being applied to both 

ends of the system, comprising the movements of 

neck flexion, hip extension and knee flexion and are 

sensitized with contralateral lateral flexion of the 

lumbar spine. 

Level 3 
As mentioned in specific neurodynamics, gravity 

assists in sensitizing spinal neurodynamic testing 

and the mid-lumbar region is no exception. There

fore, testing the femoral part of the nervous system 

at level 3 utilizes the femoral slump test in ipsilateral 

side lying. 

In the femoral slump position, the test might 

be sensitized further by performing hip adduction 

and contralateral lateral flexion during the hip exten

sion/knee flexion phase. The adduction movement 

with one of the therapist's arms and pressure applied 

to the pelvis with the other hand are what produce the 

contralateral lateral flexion movement (Fig. 11.41). 

Interface and neural dysfunct ions 
Reduced opening and neural dysfunction 
The mid-lumbar nerve roots and spine can be mobi

lized when the reduced opening interface problem 

interacts with a neural component. The patient lies on 

their contralateral side with their back near the edge of 

the plinth to allow the therapist good access to the 

patient's thigh and spine from a posterior direction. 

This is also so that their symptomatic limb can be 

placed into the knee bend position without the plinth 

preventing adduction of the hip. Hence, the limb may 

drape over the edge somewhat and this may warrant 

the patient being positioned diagonally on the plinth. 

With the contralateral (downward) limb in approxi

mately 45° hip and knee flexion to prevent it being an 

obstruction, the ipsilateral limb is then placed in the 

hip extension/knee flexion (knee bend) position. Care 

should be taken not to move the lumbar spine into too 

much extension due to the pulling action of the rectus 

femoris muscle with hip extension and it might be 

that this is what limits the amount of hip extension. 

Facing in a caudoanterior direction and in stride 

standing, the therapist holds the limb in this position 

with their far hand. With the other hand, the therapist 

mobilizes the lumbar spine into the open (contralat

eral lateral flexion) position by moving the patient's 

ipsilateral (upper) pelvis in a caudad direction. As 

with the opening dysfunctions of the lumbar spine, a 

bolster can be used to enhance the lateral flexion com

ponent of the mobilization (Fig. 11.42). 



Reduced closing with neural dysfunction 
For the reduced closing dysfunction with a tension or 

distal sliding dysfunction, the lumbar spine is placed 

in extension and ipsilateral lateral flexion. This is 

achieved by, in prone, the patient coming up onto 

their elbows and moving into ipsilateral lateral flex

ion. The prone knee bend is superimposed on this by 

the therapist leaning on the patient's leg (with their 

own leg) whilst the patient's knee is in flexion. The 

therapist then performs posteroanterior, or any other 

relevant, mobilizations at the appropriate level of the 

spine (Fig. 11.43). 



Lower limb 



PIRIFORMIS S Y N D R O M E 

The pir i formis syndrome as a cause of bu t tock and 

lower l imb pa in is usually overshadowed by the 

prospect of i t being referred from the l u m b a r spine 

and pelvic joints . Unfor tunate ly however, it can be a 

serious condi t ion because of its potent ia l to cause 

long t e r m pain, scarr ing a r o u n d the sciatic nerve 

and even paralysis in the m o r e severe cases. In such 

cases, surgical decompress ion and external n e u r o 

lysis can be indicated. 

Several i m p o r t a n t features of the p rob lem are 

wor thy of men t ion . 

Physical examination and diagnosis 

Introduct ion 
O n e of the key aspects of diagnosis of the piriformis 

syndrome is neurological examinat ion. The key 

facets to test are sensation along the anterolateral 

aspect of the leg and d o r s u m of the foot, s trength 

of dorsiflexion and the tibial and peroneal neuro

dynamic tests. The reason for men t ion ing the tibial 

c o m p o n e n t is that , clinically, I have observed that , in 

addi t ion to plantarflexion/inversion, dorsiflexion 

can affect the symptoms in the but tock with neuro

dynamic testing. This could be related to a low divi

sion of the sciatic nerve into its tibial and peroneal 

branches , enabling dorsiflexion to act on the sciatic 

nerve in the region of piriformis. 

The other aspects to weigh up are the preponder 

ance of signs to palpat ion of the muscles in the 

but tock, especially pir iformis. Frequently, pressure 

applied to this muscle reproduces local and referred 

pa in along the line of the peroneal nerve from 

the bu t tock and more distally. Occasionally, pins 

and needles in the d o r s u m of the foot can also occur 

and, frequently, a trigger po in t in the muscle is 

evident. 

In terms of neurodynamic testing, the standard 

straight leg raise can be abnormal but it is sometimes 

no t as abnormal as the peroneal neurodynamic test. 

Besides, a problem is that, at level 3, the standard tests 

are often useless in detecting neuropathodynamics 

and do not address the complex array of factors that 

are relevant to the problem. The dynamic interactions 

between the mechanical interface (piriformis and 

gemellae) and the peroneal por t ion of the sciatic 

nerve are at issue here in which these interactions are 

no t accounted for in level 1 or level 2 testing. As men

t ioned above, the piriformis syndrome can be mis

taken for an L5 radiculopathy because it appears 

more prominent ly in the clinician's m i n d and is easier 



to diagnose. Another reason for missing the piri

formis syndrome is that good neurodynamic tests, 

especially at higher levels, have until now not been 

available. Hence, new modified forms of testing are 

proposed below in order to detect the higher level of 

dysfunction that can exist in people such as athletes, 

and is often missed. 

Levels 1, 2 and 3a 
One of the key aspects of physical examina t ion of 

the piriformis syndrome at level 1 is to test the inter

face s tructures separately from the neural ones. 

Therefore, along with palpat ion, active cont rac t ion 

and passive stretch of the muscle above and below 

60°-70° of hip flexion are essential. This establishes 

the balance of the problem in te rms of interface ver

sus neural . More provocat ion with interface (piri

formis muscle) testing than neural will lead the 

therapist toward t rea tment of the muscle as opposed 

to the nerve and vice versa. Naturally, in this case 

when the interface signs domina t e the clinical pic

ture, any muscle techniques known to the pract i 

t ioner can be applied. 

Coincidentally, neurodynamic testing at level 1 is 

the same as in level 2 and simply requires per form

ance of the peroneal neurodynamic test (see Chapte r 

7) to the first onset of symptoms and differentiation 

with release of plantarflexion/inversion, for bu t tock 

pain. At level 1, it is simply per formed m o r e gently. 

Level 3a testing (neurodynamical ly sensitized) is the 

same as for level 3a in the s lump and straight leg 

raise tests with their relevant sensitizing manoeuvres 

and plantar flexion/inversion. 

Level 3b - neurodynamic sequenc ing 
Physical examinat ion at level 3b th rough modifica

t ion of the neurodynamic sequence obliges the 

therapist to move the nerve from the h ip f i rs t , then 

from other more remote sites. The test therefore 

starts with hip flexion, followed by knee extension, 

then plantarflexion/inversion. A h indrance with 

this technique is that , somet imes , because such a 

large a m o u n t of hip flexion is permi t ted before the 

knee extension is in t roduced, the hamst r ings are 

pretensioned excessively. This prevents the knee 

extending much and renders the test useless because 

the sciatic nerve can no t be tens ioned sufficiently. 

Therefore, an alternative is to lower the hip flexion 

enough to gain m o r e knee extension. Plantarflexion/ 

inversion or dorsiflexion is then added and used for 

the pu rpose of differentiation (Figs 12.1, 12.2, 12.3 

and 12.4). 

Piriformis neurodynamic test 
As men t ioned , the pir iformis n e u r o d y n a m i c test 

at level/type 3c is per formed differently above a n d 

below 70° of h ip flexion. 

Exactly the same sequence of distal movemen t s is 

used in executing the test above 70° of h ip flexion. 



Level / type 3c 
At level/type 3c, the s tandard peroneal neurody

namic test is c o m b i n e d wi th testing of the m e c h a n 

ical interface in a ra ther complex fashion that 

accounts for the changes in funct ion of the pir i 

formis muscle below a n d above 70°. 

In a modif ied peroneal n e u r o d y n a m i c test, the 

therapist 's p repara t ion is as for the s tandard test, bu t 

the sequence is different. As the lower l imb is raised 

from the pl inth , the h ip is first pos i t ioned in full 

available internal rota t ion and the foot in p lantar 

flexion/inversion (Figs 12.3 a n d 12.4). The entire 

lower l imb is then raised from the pl inth as in the 

straight leg raise whilst the therapis t ma in ta ins full 

internal ro ta t ion a n d plantarflexion/inversion. The 

ma in tenance of internal ro ta t ion is crucial, because 

the reason for taking m a x i m u m advantage of the 

internal ro ta t ion is tha t the intent is to stretch the 

pir i formis muscle o n t o the peroneal par t of the sci

atic nerve. This is in order to test as best possible the 

dynamic interact ions between the two s t ructures . 

The in ternal rota t ion is ma in ta ined maximal ly unt i l 

approximate ly 70° of h ip flexion is reached. At 

this poin t , the l imb ro ta t ion is reversed into full 

external ro ta t ion a n d the straight leg raise com

p o n e n t is taken further toward the end range, if 

permissible. The technique takes into account the 

change in interact ions be tween the muscle and 

nerve t h r o u g h o u t the whole range of straight leg 

raise, par t icular ly at the t ransi t ional angle of 60°-70° 

h ip flexion (Fig. 12.5). 

At any poin t in the testing procedure , the pat ient 

can resist the ro ta t ion as a means of applying pres

sure to the sciatic nerve wi th contract ion of the 

pir iformis. For instance, below 70° of hip flexion, the 

pat ient wou ld actively p roduce external rotat ion 

(whilst the l imb is pos i t ioned in internal rotat ion) . 

W h e n the l imb is posi t ioned above 70°, the patient 

wou ld p roduce internal rota t ion (whilst the l imb is 

pos i t ioned in external ro ta t ion) . 

Level 3c - pir i formis s lump test 
In addit ion to the straight leg raise, the s lump test can 

be modified to investigate the role of the piriformis 



syndrome in patients with but tock and lower l imb 

symptoms. Since, in the s lump position, the hips are 

flexed above 60°-70°, external rotation as a means of 

stretching the piriformis muscle on to the sciatic nerve 

is again utilized. In the s lump position with the neck 

flexed, the patient's hip joint is brought into full exter

nal rotation, then the knee is extended and foot 

movements performed. The key is to keep the exter

nal rotation maximal at all t imes. Dorsiflexion or 

plantarflexion/inversion can be applied. In some 

people, their but tock pain is more easily reproduced 

by this test than with the s tandard s lump test. The 

pain can, at t imes, also be differentiated wi th neck 

and foot movements (Fig. 12.6). 

Neurodynamic treatment of the 
piriformis syndrome 

Mechanical interface 
Level 7 
Treatment of the piriformis syndrome depends on its 

kind and severity. Cases with severe neurological 

changes should be evaluated medically, whereas the 

disorder in which mechanical dysfunction is the 

pr ime componen t will need conservative neurody

namic and musculoskeletal t rea tment such as what 

can be offered by the therapist . Of course, all relevant 

modali t ies o ther than neu rodynamic ones can be 

used in the t rea tment of this syndrome. 

Treatment at all levels is a imed at releasing pres

sure between the pir iformis muscle a n d the sciatic 

nerve. This can be in the form of muscle release 

techniques , trigger po in t therapy, myofascial release 

and deep connective tissue massage, with which 

the reader will be familiar. Motor control techniques 

and b iomechanica l adjus tments t h rough or thot ics 

and lumbopelvic stability t r ea tments can also be of 

value, especially in the athlete or o ther persons in 

w h o m repetitive activities are a factor. 

Progression 1 - static opener 

The pat ient is posi t ioned so as to off-load pressure 

and tension from the nervous system in the piri

formis region. Therefore, the patient will be placed in 

an open posi t ion as far as the interface is concerned, 

also incorpora t ing a low neural tension posi t ion. 

Position - supine, a pillow under the knees to p ro 

vide knee flexion, hips externally rotated (releases 

tension from the piriformis muscle and compression 

of the nerve). The ankle is relaxed comfortably. In the 

acute severe pain si tuation, this can be offered as a 

rest posit ion as opposed to performing mobiliza

t ions, if movemen t is likely to provoke symptoms . 

Progression 2 - dynamic opener 

Position - as in progression 1. This t ime a mobil iza

t ion is per formed. 

Movemen t - passive external rota t ion, per formed at 

a slow speed and large ampl i tude , wi thou t p r o d u 

cing s y mp t o ms . This is similar to Mai t land 's shaft 

rota t ions for h ip pain and can be qui te effective. 

Dosage - up to 10-20 oscillations per mobi l izat ion, 

then reassess gently. Up to five repet i t ions of the 

same set of mobil izat ions can be per formed in the 

same session. However, this is no t obligatory. 

Level 2 
Progression 1 - closer mobi l iza t ion 

Position - as for level 1. 

Movemen t - passive internal ro ta t ion of the h ip 

joint is per formed by the therapist , then it can be 

carried ou t as a h o m e exercise by the pat ient . Even 

t h o u g h this is a closer at the t ime of per forming the 

manoeuvre , i t is designed to p roduce an open ing 

effect as the muscle releases and should take the 



pressure off the peroneal nerve. This mobi l izat ion is 

per formed as a gentle m a n u a l oscillation. 

Progression 2 - closer muscle release 

Posit ion - supine . 

M o v e m e n t - passive stretch of the piriformis muscle 

in which the h ip is taken into flexion, adduc t ion and 

external ro ta t ion. In addi t ion, contract- re lax tech

niques are carried ou t in which resisted internal 

rota t ion of the h ip joint is per formed. 

Neural 
Level 1 
Progression 1 - off-loader as a posi t ion 

The off-loader posi t ion for the neura l dysfunction 

category at level 1 is the same as that for the l u m 

bosacral nerve roots because they are con t inuous 

with one ano the r (see l umbar spine) . 

Progression 2 - two-ended slider 

Position - side lying, the painful side u p p e r m o s t 

with the patient 's body located in a slightly diagonal 

a l ignment relative to the pl inth . The pat ient should 

be close enough to the edge so that their ipsilateral 

leg can move freely over the edge of the pl inth. The 

ipsilateral h ip is placed into flexion (below 70°) a n d 

external rota t ion so as to reduce tension and pressure 

in the bu t tock region. The thoracic spine is flexed 

whilst the neck is placed in neutral flexion/extension. 

The patient 's symptomat ic foot can at t imes drape 

over the edge of the plinth and pillows are somet imes 

needed to suppor t the symptomat ic l imb in some 

degree of abduc t ion (Fig. 12.7). 

Movemen t - at first the therapist holds the patient 's 

hip into external ro ta t ion and helps t hem learn the 

per formance of the combined m o v e m e n t s of knee 

extension/plantarf lexion. Once this is accomplished, 

the therapis t t hen performs passive neck flexion/ 

extension as the pat ient per forms the knee and foot 

movemen t s which are sequenced as follows: 

1. Proximal slider - neck flexion/knee flexion and 

the foot moves to the neutra l posi t ion. 

2. Distal slider - neck extens ion/knee extension and 

plantarflexion/inversion. 

The same can be per formed for the tibial nerve 

whereby dorsiflexion substi tutes plantarflexion/ 

inversion. 

Level 2 
Position - as for level 1. 

Movement - this t ime the sequence of movements is 

such that tension can be applied to the peroneal part 

of the sciatic nerve, namely neck flexion with knee 

extension and plantarflexion/inversion. The hip may 

be flexed above 70°, however, this will mean that it 

m u s t be placed gently in internal rotat ion so as no t 

to apply pressure to the nerve at this stage. 

Level/type 3a - neurodynamically sensitized 
The level/type 3a, two-ended tensioner for the piri

formis syndrome is the same as that for the level/ 

type 3a s lump test for the lumbar spine. The end 

range is approached and the mobil izat ion enters 

some degree of resistance, and symptoms can be 

evoked. However, the evoked responses should sub

side instantly. The problem with this technique is 

that it is not very refined in terms of attacking the 

causative mechan isms in which interactions of the 

nerve with the mechanical interface are a key prob

lem. However, if a tension dysfunction exists, this 

may be the t rea tment of choice. 

Level/type 3b - neurodynamic sequencing 
The t rea tment technique for level 3b is the same as 

for the physical examinat ion at this level. However, 

the mobi l izat ion can be taken into resistance and 

mode ra t e symptoms , whilst the pat ient relaxes the 

bu t tock muscles in an a t tempt to increase range of 



mot ion and reduce hypersensitivity to the move

ment . It may also be per formed as a wide ampl i tude 

movement out of the symptomat ic posi t ion to allow 

symptoms to settle. 

Level/type 3c - mechanical interface 
and neural 
This technique is described earlier u n d e r examin

ation with straight leg raise test at level/type 3c a n d 

combines interface and neural functions. At the ou t 

set, the lower l imb is taken into full available range 

of internal rotat ion, then the peroneal neurody

namic test performed. Below 70° of h ip flexion, the 

patient actively externally rotates their h ip joint , 

which the therapist resists. Above 70°, the rota t ion 

componen t is reversed in which a resisted cont rac

t ion of internal rotat ion is per formed and the release 

is taken into external rota t ion. W h e n the cont rac t ion 

is released, the muscle and nerve are treated with 

s imul taneous muscle lengthening a n d further neu 

rodynamic m o v e m e n t in the direct ion of the 

manoeuvre . 

Self neu rodynamic mobi l iza t ion 

This exercise is designed for the athletic individual 

w h o has a mi ld pir i formis syndrome at level/type 3c. 

The pat ient sits in the s lump posi t ion. Then they 

br ing their lower l imb into full h ip flexion/external 

rota t ion, knee extension a n d foot plantarf lexion/ 

inversion whilst, wi th their hands , ho ld ing their leg 

at as far distal a po in t as possible. The mobi l iza t ion 

consists of knee flexion/extension. In the kinaesthet-

ically aware, this act ion can be c o m b i n e d wi th con

t rac t ion of pir iformis (active internal ro ta t ion) in 

which the pat ient resists the m o v e m e n t by push ing 

in to external ro ta t ion wi th their hands . They then 

move the l imb passively in to external ro ta t ion w h e n 

they cease the cont rac t ion . If the pa t ien t canno t 

per form the contract- re lax technique , they can 

simply lean on their ipsilateral bu t tock as a m e a n s of 

applying further pressure to the area (Fig. 12.8). 

SCIATIC NERVE IN THE THIGH 
(E .G . HAMSTRING STRAIN) 

Introduction 

The ma in neu ropa thodynamic events in operat ion 

with problems affecting the sciatic nerve in the thigh 

will vary according to a n u m b e r of factors. These are 

the location of the problem and the causative mech

anisms. For instance, the p rob lem of a hams t r ing 

strain wi th bleeding starts off in the mechanical 

interface and may initially p roduce a neural slid

ing dysfunction wi thou t causing m u c h of a tension 

dysfunction. However, over t ime, as inf lammat ion 

spreads into the nerve, an intr insic pa thology could 

develop (e.g. localized neuritis) and alter viscoelastic 

behaviour, thereby causing an addit ional secondary 

tension dysfunction. It is impor t an t to detect such 

changes from one d o m a i n to the other which neces

sitates a good unders tand ing of the specific neu

ropa thodynamics and detailed m a n u a l examinat ion . 

Dysfunction or pa tho logy in the sciatic nerve in 

the thigh is no t usually h igh on the clinician's list of 

possible diagnoses. However, the nerve at this site 

can be affected by a range of pathologies a n d p a t h o -

dynamics . For instance, after t r a u m a to the thigh, 



scar tissue can develop a r o u n d the nerve and cause it 

to become compressed. In the m o r e severe cases, this 

can need surgical in tervent ion, even t h o u g h one 

would th ink that the skilled therapist may at t imes 

be capable of dealing with the p rob lem conserva

tively, given early intervent ion. In addi t ion , t u m o u r s 

in the form of sarcoma, which are obviously sinister 

in na ture , can appear in and a r o u n d the hams t r ing 

muscles. This kind of p rob lem has the potent ial to 

produce pa thodynamics in the sciatic nerve, which 

highlights the point that pat ients with problems in 

this area that do no t improve within no rma l t ime 

frames should be p rompt ly referred for medical 

managemen t . Hams t r ing injury is also a p r ime cause 

of pa thodynamics in the sciatic nerve and, because 

of its specific relevance, is the focus of the following 

section. 

Neurodynamic testing 

Int roduct ion 
With respect to neurodynamics, the principal things to 

assess in the pat ient with hams t r ing injury natural ly 

relate to investigation of the causative mechanisms . 

These consist of his tory in order to localize the 

reason for, and na ture of, the onset of the prob lem; 

provoking and easing factors; unders t and ing the 

pathological mechan i sms (such as neuri t is and 

movemen t dysfunct ion); investigations such as neu

rological examina t ion , MRI and u l t rasound and of 

course a thorough physical examination of the specific 

neurodynamics . 

A key quest ion is whether bleeding, swelling and 

bruis ing are observed after the injury. In severe cases, 

scarring from bleeding a r o u n d the sciatic nerve from 

the hamst r ings may significantly restrict the excur

sion of the nerve. 

Level 1 
W h e n investigating the possibility of sciatic nerve 

involvement in hamst r ing injuries at level 1, the fol

lowing techniques should be used, especially in the 

acute si tuation. This is because they can assist in the 

early de te rmina t ion of specific neurodynamic dys

functions. For instance, pain with proximal sliding 

will require different t rea tment from pain with dis

tal sliding or a tension dysfunction. As follows, the 

straight leg raise and s lump tests are utilized on a 

general level to ascertain whether neuropa thody-

namic changes exist. 

Straight leg raise 
At level 1, dorsiflexion of the foot is performed 

first so that , at the first onset of symptoms , this 

movemen t is released and a change in symptoms 

may indicate a neural c o m p o n e n t to the problem. 

This aspect is advanced later and , as will be seen, 



responses to specific manoeuvres can yield qui te dif

ferent informat ion that natural ly resolves to provide 

different t rea tment . 

Slump test 
In addi t ion to the straight leg raise test, a modif ied 

s lump test for level 1 can also be executed. Dorsi 

f lexion and spinal flexion movemen t s are pe r fo rmed 

first and knee extension is taken to the first onset of 

symptoms. One by one, neck flexion is released and 

re turned and dorsiflexion is released. 

Hence, the sequence of movemen t s is as follows: 

1. Starting posi t ion - s lump sitting, flexion of the 

whole spine ( including neck flexion) whilst keep

ing the sacrum in a vertical posi t ion. 

2. Dorsiflexion. 

3. Knee extension to the first onset of symptoms . If 

the calf muscles are too tight to pe rmi t sufficient 

knee extension, dorsiflexion may be released a 

little. 

4. Release neck flexion and m o n i t o r changes in 

symptoms , re turn neck in to f lexion and/or : 

5. Release dorsiflexion, m o n i t o r changes in 

symptoms . 

Level 2 
The s tandard straight leg raise and s lump tests are 

applied for level 2, as presented in Chapte r 7, and 

similar diagnostic manoeuvres as in level 1 are 

applied. The main differences are that the ranges of 

mot ion reached are most ly likely greater in level 2 

than in level 1 and the differentiating movements 

are, for examination purposes, allowed to evoke mild 

symptoms. 

Levels/types 3a and b s lump tests 
The level 3a (neurodynamical ly sensitized) exami

nat ion for hamstr ing/sciat ic nerve prob lems is as 

for the level 3a for the l umbar spine neural tension 

dysfunction. 

The level 3b technique is possibly biased toward 

the proximal and middle por t ions of the hamst r ings 

and sciatic nerve. 

Position - the pat ient sits as for the s tandard s lump 

test. 

Movement - the pat ient flexes their h ip as far as 

they can in a self-assisted m a n n e r whilst the knee 

stays flexed. At this poin t , the pat ient stabilizes 

their thigh wi th their forearms (cuddl ing their 

th igh) , followed by moving their neck in to f lexion. 

The therapis t moves the pat ient in to contralateral 

lateral f lexion of the whole spine a n d the pat ient 

completes the m a n o e u v r e by per fo rming knee 

extension and dorsiflexion actively. Structural dif

ferentiation is achieved wi th dorsiflexion and 

cervical flexion. I call this the ' hams t r ing s lump test ' 

(Fig. 12.9). 

Level 3c - hamstr ing pa lpat ion wi th 
neurodynamic test ing 
The aim of this technique is to apply pressure to the 

sciatic nerve in the thigh dur ing movemen t and elon

gation of the hamstr ings and therefore deals with the 

dynamic interactions between the two componen t s . 

In this posi t ion sliders and tensioners can be per

formed to offer the oppor tun i ty to apply pressure to 

the sciatic nerve and hamst r ings s imultaneously 

whilst they also move (Fig. 12.10). 



Treatment 

Trea tment of the mechanical interface for the sciatic 

nerve in the thigh is essentially therapy for the h a m 

strings and associated soft tissue a n d will be well 

k n o w n to the pract i t ioner . Therefore, this subject is 

omi t ted . W h a t follows instead is a g roup of tech

niques for the sciatic nerve at levels 1,2 a n d 3a, b and 

c with respect to hams t r ing strain tha t exhibits a 

neural c o m p o n e n t . 

Proximal and distal s l id ing dysfunct ions 
Level 1 
The two-ended slider can be used for the sliding dys

function in either direct ion at level 1. 

Posit ion - supine lying. 

The patient can perform the foot movements actively. 

Movemen t - 1. Proximal slider - the therapis t per

forms a straight leg raise wi thou t p roduc ing symp

toms whilst, at the same t ime, plantarflexion is 

applied. 2. Distal slider - du r ing the phase in which 

the leg is lowered, the foot is dorsiflexed. Clearly, at 

level 1, s y m p t o m s should no t be provoked wi th the 

t r ea tmen t (Figs 12.11, 12.12 a n d 12.13). 

Level 2 
Position - ipsilateral long sitting wi th the foot in a 

relaxed posi t ion. 

Movement - 1. Distal slider - with the help of the 

therapist , the pat ient per forms ipsilateral lateral 



flexion of the whole spine (active assisted) and, at 

the same t ime, dorsiflexion of the foot. 2. Proximal 

slider - again, wi th the therapist helping to move the 

patient 's spine, this t ime into contralateral lateral 

flexion and the pat ient performs plantarflexion of 

the foot (Figs 12.14 and 12.15). 

Tension dysfunct ion 
Level 7 
The tension dysfunction is often a sensitive issue 

because t rea tment with tensioners can provoke. 

Often sliders are good at this level to decrease neura l 

sensitivity. However, if the decision is to approach 

the tension c o m p o n e n t at level 1, gentle inner range 

one -ended tensioners in the form of dorsiflexion of 

the foot a n d internal ro ta t ion of the h ip can be used. 

The pat ient is also shown the n e u r o d y n a m i c off

loaded posi t ion for the sciatic nerve (same as l um

bar spine) which they can use at h o m e to help their 

acute pain. 

Level 2 
The level 2 progression 1 mobi l iza t ion is to per form 

gentle knee extension w i thou t r eproduc ing symp

t o m s whilst the pa t ien t is pos i t ioned in supine lying 

and the knee suppor t ed in approximate ly 45°-90° 

flexion. The progress ion 2 technique is the same as 

progression 1 except dorsiflexion is added. This can 

in t u r n be advanced to progression 3 in which the 

pat ient sits as for the s l ump test in which gentle 

active neck flexion, coupled wi th passive knee 

extension, is per formed. If this t echnique is no t 

extensive e n o u g h for the pat ient , dorsiflexion can be 

added. 

Level/type 3a 
The t r ea tment progressions at level/type 3a for 

the tension dysfunction in hams t r ing injury are 

similar to those of the l u m b a r spine neural tension 

dysfunction. 

Level/type 3b 
The technique for t r ea tmen t of the sciatic nerve 

p rob lem at level/type 3b is as for the examina t ion at 

this level. It is likely that , if the pat ient needs this 

t rea tment , i t will evoke some s y m p t o m s a n d refined 

technique will be impor t an t . Range of m o t i o n wi th 

ou t s y m p t o m s is a goal and dorsiflexion and spinal 

movemen t s will be key elements . It will be necessary 

to ma in ta in dorsiflexion carefully because the ten

dency wi th this m a n o e u v r e is for the therapis t and 

pat ient to neglect this m o v e m e n t a n d therefore 

reduce the effectiveness of the mobi l iza t ion . I also 

r e c o m m e n d that contract- re lax techniques also be 

applied to the hamst r ings as a means of t reat ing 

b o t h the muscu la r and neura l c o m p o n e n t s (this 

effectively changes the technique to level 3c). 

Level/type 3c 
This technique is the same as for level 3c n e u r o 

dynamic testing and involves pa lpa t ion of the 



hamst r ings adjacent to the sciatic nerve and mak ing 

sure that pressure is applied toward the nerve itself. 

This necessitates that the therapist be familiar wi th 

pa lpa t ion of the nerve. Trea tment consists of deep 

massage in conjunct ion wi th o ther soft tissue tech

niques and n e u r o d y n a m i c m o v e m e n t s in the form 

of active dorsiflexion. The pat ient can also per form a 

resisted static con t rac t ion of the hamst r ings by 

push ing their h ip in to extension and their knee in to 

flexion against the therapist 's body. This way, m a n y 

aspects of the dynamic interact ions between the 

muscle (interface) and neura l tissue can be treated. 

Finally, these techniques could massage the nerve 

a n d improve its b lood flow to yield a reduc t ion in 

in f l ammatory changes in the nerve a n d reduce its 

sensitivity to m o v e m e n t . 

K N E E A N D T H I G H P A I N 

Introduction 

T h e con t r ibu t ion of the nervous system to anter ior 

knee a n d thigh p rob lems usually revolves a r o u n d 

the femoral a n d saphenous nerves. The neurody

n a m i c tests for these nerves are generally no t very 

sensitive for m i n o r neu ropa thodynamics and can 

even be qui te n o r m a l in the presence of wha t wou ld 

be suspected to be a significant neura l p rob lem. For 

instance, lateral femoral cu taneous neu ropa thy 

(meralgia paraesthetica) often shows a n o r m a l neu 

rodynamic test for the nerve. W h a t also happens is 

that the tests t end to show covert a b n o r m a l 

responses or solely t ightness in the myofascial tis

sues to p roduce slight restr ict ions in range of 

m o t i o n of the knee and hip . 

The above means that , frequently, the neurody

namic tests for the knee and thigh mus t be taken to 

their end range to be of value and this is because of 

their relative lack of sensitivity. However, this is no t 

to deny that some clinical problems in this region 

will need small range techniques when in the irri

tated state. Such cases could exist in particularly 

mobi le people whose movemen t is sufficient to 

pass mechanical stresses to the nerves. However, if 

the person of average or l imited mobil i ty presents 

wi th markedly abnorma l neurodynamic tests for 

the femoral region, one should suspect local pa th

ology in the nerve or in the tissue adjacent to it. 

Nevertheless, the progressions that are possible for 

the femoral par t of the nervous system are as follows 

a n d can be useful in pat ients with coexisting muscu

loskeletal and myofascial dysfunction in and a round 

the knee a n d thigh. 

Femoral nerve (groin, thigh and 
knee pain) 

The p r o n e knee bend and femoral s lump tests are 

the techniques of choice in examinat ion for neural 

con t r ibu t ion to thigh and knee pain, unless the 

p rob lem focuses in the medial knee. In which case, 



the saphenous neurodynamic test may also be used. 

The progressions for t rea tment of the femoral nerve 

consist of the following. 

Sliders and tensioners 
The proximal slider is executed wi th the pe r fo rm

ance of hip extension (elongating the mechanical 

interface at the h ip and therefore drawing the nerve 

proximally) and extension of the knee which lets 

the nerve pass proximally away from the knee 

(Figs 12.16, 12.17 and 12.18). 

The tensioner is achieved by performance of 

femoral s lump test, described in the chapter on stan

dard neurodynamic testing (see Chapter 7) a n d is 

sensitized at level/type 3a by per fo rming it on the 

downward side and raising the treated thigh into 

adduc t ion to p roduce contralateral lateral flexion of 

the l umbar spine in addi t ion to the o the r spinal 

movemen t s of the test. 

The level/type 3b t r ea tment can be to perform the 

femoral s lump using a sequence that starts at the h ip 

joint first . The level 3c testing and t rea tment for 

thigh and knee pain is to per form contract-relax 

techniques to the rectus femoris muscle and /o r h ip 

flexors in the n e u r o d y n a m i c posi t ion for the femoral 

nerve. This entails use of the modif ied T h o m a s test 

or side lying s lump tests. 

Because the femoral nerve relates anatomical ly to 

the inguinal region, i t can be useful to apply the 

above techniques to groin pain and even perform 

manua l soft tissue techniques in the n e u r o d y n a m i c 

posi t ion, such as in the side lying s lump test. 

Patellofemoral joint and neural 
dysfunction 

A technique that is often useful in pat ients with a 

t ight c o m p o n e n t to the femoral par t of their ner

vous system as well as a t ight rectus femoris muscle 

and lateral knee s t ructures is the following. It is 

ranked at level 3c as a t r ea tmen t to the innervated 

tissues of the femoral nerve and may influence the 

neural c o m p o n e n t to the p rob lem. 

The pat ient adopts a contralateral side lying posi

t ion as if the therapist plans to mobil ize their 

patellofemoral joint into a medial direct ion whilst 



the knee is in whatever degree of flexion is chosen. 

This is influenced by the locat ion in the range of 

m o t i o n at which the joint dysfunction is located. 

H ip extension a n d the spinal movemen t s for the 

femoral s lump test are then added (Fig. 12.19). 

P E R O N E A L NERVE 

Introduction 

The peroneal nerve and its distal extensions (super

ficial and deep branches) in the foot can become 

symptomat i c in a range of disorders . Some of these 

include pressurizat ion by ganglia that p ro t rude from 

the adjacent joint (e.g. super ior t ibiofibular), com

pression from compar tmen t syndrome, impact injury, 

stretch injury at spor t or following fracture disloca

t ion a n d the wear ing of t ight straps wi th high-heeled 

shoes. Also, altered b iomechanics in the foot may 

p roduce altered mechanical stresses in the nerve. 

Damage due to spra ined ankle can occur as high as 

the c o m m o n peroneal nerve a t the poster ior aspect 

of the knee where h a e m a t o m a s can develop after 

t rac t ion injury caused by the sprain. C o m p r o m i s e 

can also occur as far distally as the superficial pe ro 

neal nerve. In f lammat ion then develops and the 

nerve may incur hypersensitivity, reduced mobi l i ty 

and, in some cases, reduced conduct ion (Kleinrensink 

1997). The clinical correlates may include pa in wi th 

m o v e m e n t (part icularly plantarf lexion/inversion) , 

tenderness a n d aching, dysaesthetic symptoms , ten

derness and, in cases in which reduced conduct ion 

occurs, loss of sensation. In m o r e recalcitrant cases, 

severe mechanical allodynia related to central sensi

t ization may be a p r o m i n e n t feature. Loss of muscle 

power due to paralysis is no t nearly as c o m m o n as 

the o ther symptoms , however, this should still be 

kept in m i n d when treat ing such cases. 

The area u n d e r considerat ion is along the antero

lateral surface of the leg, extending distally, over the 

ankle, to the d o r s u m of the foot. Hence, symptoms 

in any of these areas may war ran t examinat ion of 

the peroneal par t of the nervous system. Clearly, the 

musculoskeletal s t ructures in the region should be 

examined and treated thoroughly. However, in rela

t ion to the nervous system, the mos t impor tan t 

aspects of examinat ion related to the nervous system 

are neurological examinat ion , neurodynamic tests 

and palpat ion of the nerves in quest ion and these 

mus t of course be mar r i ed with the biomechanics of 

the disorder. 

Neurodynamic testing 

The technique of choice for problems affecting the 

peroneal nerves ( c o m m o n and superficial) is the 

s tandard peroneal neu rodynamic test. At level 1, it is 

modif ied to be per formed as a straight leg raise 

whilst the foot is relaxed as best possible and, if 

needed, suppor ted by the therapist . At the height of 

the leg raise, if symp toms have no t been evoked, the 

therapist passively moves the ankle into plantarflexion/ 

inversion to the first onset of symptoms and, at this 

point , to differentiate neurodynamic mechanisms, 

lowers the l imb by reducing the h ip flexion angle a 

small a m o u n t , whilst holding the foot s tat ionary on 

the leg. This completes the neurodynamic test and 

structural differentiation. 

At level 2, the same manoeuvre generally is per

formed, except that it is in the s tandard neurody

namic sequence. Tha t is, initially plantarflexion/ 

inversion is per formed to the first onset of symp

toms , followed by the straight leg raise, with care 

being taken no t to con tamina te the test with uncon

trolled internal rotat ion of the hip. 

O n e could separate testing the peroneal nerve into 

levels 3a, b and c, however, clinically, it is worthwhile 

start ing with a technique that combines the three 

and, if this shows something of value, separate tests 



can be performed. In addi t ion to the movemen t s of 

the s tandard test, the level 3a examinat ion (neurody-

namically sensitized) incorporates internal rotat ion 

of the hip and can even be performed as a s lump test. 

The level 3b test (sensitized by neu rodynamic 

sequencing) for the peroneal nerve is the same as 

that for level 2, except plantarflexion/inversion is 

taken further into range, whereby some local symp

toms are often evoked pr ior to per forming the 

straight leg raise. It is imperative that the toes are 

included proper ly wi th this test to ensure that all the 

right movements for the nerve occur. This s t ronger 

movement is likely to p roduce a more sensitized test 

than s tandard testing. 

The level 3c test for the peroneal nerve is s imply 

the same as that for level 3a and b, except resisted 

active dorsiflexion/eversion is per formed as a means 

of applying force to the nerve t h rough the mechan i 

cal interface ( tendons and bone) and innervated tis

sue. Clearly, it is necessary to link the na tu re of 

testing to the disorder in the mechanical interface, in 

terms of stability and stiffness. For instance, it would 

no t be wise to load the superficial peroneal nerve 

forcefully with plantarflexion/inversion, knowing 

that it might increase the instability of a spra ined 

ankle. Conversely, it may be necessary to per form a 

technique at level 3b or c in the case of a stiff jo in t 

that is no t especially irritable. 

Treatment 

Level 1 
Treatment at level 1 for the peroneal nerve consists 

of proximal and distal sliders. This is to relieve pain , 

restore movemen t to the nerve, s t imulate healing 

th rough alteration of in t raneura l b lood and m o u l d 

ing of the connective tissues in the nerve and reduce 

its sensitivity. 

Sliders 
Proximal 

Position - the patient lies supine whilst the therapist 

holds the patient 's l imb in approximately 45° h ip 

flexion and sufficient knee flexion so that the leg can 

be held horizontal . Facing slightly distally, the ther

apist achieves this by placing the medial aspect of 

their near a rm a round the medial and /o r posterior 

aspects of the patient 's leg (almost using their a rmpi t 

to grip the leg). The other h a n d holds the patient 's 

foot u n d e r its plantar surface by the therapist placing 

their h a n d u n d e r the forefoot wi th the f ingers 

spreading to the toes. The therapist 's t h u m b then 

passes a r o u n d the medial surface of the foot toward 

the d o r s u m of the forefoot, taking a firm bu t com

fortable hold (Figs 12.20 and 12.21). 

The distal slider incorporates the movements of 

knee flexion and plantarflexion/inversion (Fig. 12.21). 

Level 2 
Tensioners 
The tensioner technique is s imply the pa t ien t adop t 

ing an ipsilateral long sitting posi t ion and leaning 



forward over their h ip at same t ime as per forming 

plantarflexion/inversion. The therapis t stabilizes 

the patient 's knee in extension, if tolerated easily by 

the pat ient , and guides the foot into plantarflexion/ 

inversion so as to ensure that correct m o v e m e n t 

occurs . 

Level 3 
The technique for level 3a is as for the previous 

technique (level 2 progression 2 tens ioner) , except 

internal rota t ion of the hip and contralateral lateral 

f lexion wi th the s l ump test are added. 

Treatment at level 3b consists of the manoeuvre 

start ing wi th plantarflexion/inversion first while the 

patient is in supine with their knees flexed comfort

ably. The knee is then extended and the remainder of 

the long sitting s lump test is completed by the pat ient 

with execution of h ip f lexion, lumbar f lexion and 

cervical flexion, in that order. It is crucial that the 

foot and knee posi t ions have been stabilized properly 

dur ing addi t ion of the s lump componen t . 

The level 3c progression is as for level 3a except 

the foot is actively dorsiflexed against the therapist 

and contract - re lax releases are per formed at the end 

range of the technique . If by chance, the joint is 

found to be stiff in conjunct ion with hous ing a 

peroneal nerve p rob lem, ano the r way of executing 

t r ea tmen t at this level is to per form joint mobil iza

t ions a n d n e u r o d y n a m i c techniques . For instance, in 

the s l ump posi t ion with plantarflexion/inversion, 

the ankle, or any of the foot joints can be mobil ized 

into the stiff direct ion. 

POSTERIOR TIBIAL NERVE - A L I A S 
HEEL PAIN AND PLANTAR FASCIITIS 

Introduction 

Dysfunction in the poster ior tibial nerve as a con

t r ibu to r to ankle a n d heel pain and plantar fasciitis is 

completely underes t imated and neglected and is, in 

my op in ion , c o m m o n . I t is the carpal tunne l syn

d r o m e of the lower l imb a n d does no t select a par

ticular age g roup because I have seen it occur in the 

young athlete, middle-aged a n d the elderly. Causes 

can be pressure from a n o m a l o u s t endons and 

muscles, neu r i l emmomas , Schwannomas , tendoni t is 

and tenosynovit is , ganglia, diabetes, overuse with a 

p rona ted foot and t r auma . The area of symptoms is 

usually in the medial ankle region and spreads along 

the medial aspect of the foot and /o r heel to the plan

tar aspect of the foot. It can p roduce pain and 

dysaesthesias and weakness of the muscles in the 

plantar aspect of the foot because it ultimately feeds 

the plantar and digital nerves. It is also for this rea

son that forefoot and toe movements are included in 

neurodynamic testing in evaluation of this problem. 

This painful and potentially disabling lesion can 

respond superbly to t rea tment . For a case history of 

neu rodynamic t rea tment and clinical reasoning of a 

clear case of poster ior tibial neuropa thy causing heel 

pain and plantar fasciitis, see Shacklock (1995). 

The poster ior tibial nerve can become com

pressed or irri tated at the poster ior tarsal tunnel , 

located on the medial aspect of the ankle. The key 

aspects in diagnosis of this p rob lem are palpation of 

the nerve and its su r round ing tissues and specific 

neu rodynamic and neurological testing. On occa

sions, pat ients with this problem show neurological 

changes in the form of numbness in the field of 

medial calcaneal nerve (supplying the medial and 

plantar aspect of the heel). With palpat ion, they also 

exhibit swelling and tenderness of the nerve and its 

su r round ing tissues and this often extends along the 

course of the nerve, th rough the abduc tor hallucis 

muscle, and into the plantar aspect of the foot. A 

lesion in the nerve can produce obvious signs of 

neurogenic inf lammat ion in the heel and plantar 

fascia (e.g. swelling and pain on compress ion) , 

which should always be an indication that a neural 

componen t ought to be investigated. The mechanisms 

for this p h e n o m e n o n are presented in the chapter on 

general neuropa thodynamics (see Chapter 3). The 

distal symp toms in the foot can often be reproduced 

by applying pressure over the nerve at, and adjacent, 

the tunne l and even proximal and distal sliding 

dysfunctions can be detected with specific neuro

dynamic testing. Foot b iomechanics should also be 

accounted for because excessive prona t ion increases 

stress in the nerve (Daniels et al 1998). 

Mechanical interface testing and 
treatment 

The reason for including the mechanical interface in 

examinat ion of the posterior tibial nerve dysfunction 

is that it has a critical role to play. Specific passive 



physiological and accessory movements of the joints 

of the ankle and foot should be examined thor 

oughly. Imbalance in function, such as, stiffness or 

hypermobil i ty should be interpreted in te rms of their 

possible effects on the nerve. For instance, a stiff joint 

with a reduced closing dysfunction may no t produce 

sufficient closing to facilitate no rma l nerve nu t r i t ion 

and movement . This may need mobil izat ion of the 

joint in conjunction with a neurodynamic technique. 

Alternatively, an excessive closing dysfunction will 

need t rea tment that reduces closing on the nerve. 

This could require biomechanical intervention such 

as taping, orthotics or gait analysis and re-educat ion 

and exercises with the a im of normal iz ing the 

mechanical events in and a round the nerve. 

The key physiological movement s in relation to 

opening and closing of the interface revolve a r o u n d 

plantarflexion/inversion (opener) and dorsiflexion/ 

eversion (closer). 

Neurodynamic testing 

Levels 1, 2 and 3 
Neurodynamic testing for the poster ior tibial nerve 

disorder involves per forming the s tandard tibial 

neurodynamic test and its variat ions. The order of 

movements at level 1 is to perform the s tandard 

straight leg raise to the poin t of s y m p t o m s in the 

foot and localize their site. Effectively, at this poin t , 

the necessary s tructural differentiation has been 

performed with hip flexion and it is no t necessary to 

perform dorsiflexion/eversion, unless s y m p t o m s 

have not been evoked. In this case, at the top of the 

straight leg raise, the foot is taken into dorsiflexion/ 

eversion to the f irst onset of symptoms and the l imb 

is then lowered slowly, keeping the posi t ion of the 

foot on the leg stationary. If the s y m p t o m s change, a 

neurodynamic mechan ism m a y b e implicated. 

Level 2 testing consists of the s tandard tibial neu

rodynamic test. The straight leg raise is again used to 

perform the differentiation by raising and lowering 

it to ascertain if this c o m p o n e n t movemen t p ro 

duces a change in symptoms that were initially 

evoked by the dorsiflexion/eversion. 

Level/type 3a testing (progression 1) is to per

form the s tandard tibial neu rodynamic test with the 

addit ion of internal rota t ion and adduc t ion of the 

hip. A further progression (progression 2) would be 

the long sitting s lump test in which the pat ient flexes 

over their l imb and the therapis t per forms the pas

sive dorsiflexion/eversion. In the supine posi t ion, 

testing at level/type 3b is per formed by the therapis t 

per forming the foot m o v e m e n t s f irst . This is t hen 

followed by the rest of the tibial n e u r o d y n a m i c test 

in proximal order. The therapis t per forms internal 

h ip ro ta t ion and the pa t ien t executes the h ip flexion 

moving into a sitting posi t ion followed by spinal 

f lexion and contralateral lateral f lexion of the spine. 

Level/type 3c testing entails the long sitt ing s l ump in 

which the foot is dorsiflexed and everted by the ther

apist and the pat ient super imposes the s lump with 

its sensitizing movemen t s . The duet is t hen c o m 

pleted by per formance of a resisted cont rac t ion of 

plantarflexion/inversion and great toe flexion/abduc-

t ion to apply loading to the nerve th rough the 

mechanical interface. Clearly similarities exist 

between testing and t r ea tment of the poster ior tibial 

nerve and the o the r nerves. The ma in difference is 

that the foot movemen t s vary according to the local 

ana tomy and b iomechanics . 

Sl id ing and tens ion dysfunct ions 
Proximal sliding of the poster ior tibial nerve is 

tested in the following way. Wi th the pat ient in 

supine , the leg is suppor ted so that the h ip is in 

approximately 45° flexion and the leg hor izontal . 

The foot is held so that the therapist 's fingers can 

control the ankle, forefoot and toes. To achieve this, 

the therapis t will later have to stabilize the calca-

n e u m with their p roximal hand . 

Dorsiflexion/eversion of the ankle and forefoot 

and dorsiflexion of the toes are the first movement s 

and these should be taken as far as practicable into the 

range. Knee extension is the next movement and is 

taken to a change in symptoms. Whilst stabilizing the 

ankle joint and the rest of the l imb, release of dorsi

flexion of the forefoot and toes is the final movemen t 

because this event releases distally directed natural 

tension from the digital nerves and allows the tibial 

par t to displace further in a proximal direction. If the 

symptoms increase, a proximal sliding dysfunction is 

implicated (Figs 12.22 and 12.23). 

In testing for a distal sliding dysfunction, again 

the h ip is flexed to approximate ly 45° and the leg 

held hor izonta l as the s tar t ing posi t ion. This is to 

release proximal tension a n d allow distal sliding. 

The foot and toes are moved in to dorsiflexion/ 

eversion and the toes into dorsiflexion to move the 



nerve distally in its tunne l . This m o v e m e n t mus t 

somet imes be relatively s t rong because, if not , it is 

often no t sufficient to evoke symp toms . If symp

t o m s are present wi th this movemen t , knee exten

sion is used to p roduce proximal m o v e m e n t in the 

nerve whilst the toes, foot and ankle are held sta

t ionary. If the s y m p t o m s decrease wi th knee exten

sion, a distal sliding dysfunction may be implicated. 

However, if at this po in t in the symptomat i c range, 

further toe extension produces a reduc t ion in symp

t o m s (which somet imes happens ) , toe flexion p ro 

duces an increase in s y m p t o m s , a proximal sliding 

dysfunction m a y b e the p rob lem (Fig. 12.24). 



The tension dysfunction is tested by per forming 

the tibial neurodynamic test and examining the 

effect of dorsiflexion of the toes and hip flexion. If, at 

the top of the straight raise to the first onset of 

symptoms, the performance of dorsiflexion of the 

ankle, foot and toes increases the symptoms , and 

reduct ion of the hip flexion angle reduces them, a 

tension dysfunction may be present. 

Treatment 

The proximal and distal sliders for the poster ior t ib

ial nerve consist of the tests for their respective dys

functions, as above. 

At low levels, t r ea tment of the distal sliding dys

function is achieved by moving the nerve in a prox

imal direction with the use of toe flexion wi th the 

knee moving from a flexed to extended posi t ion. As 

the pat ient progresses th rough to higher levels, they 

will need a change in t rea tment to a distal slider, as 

presented in Figures 12.22 to 12.24. The same pr in 

ciples apply for the proximal slider except the p ro 

gressions are applied in the reverse order. 

Tension dysfunctions (level 2 and higher) are 

treated with the use of the s tandard tibial neu ro 

dynamic test and movemen t of the foot and hip 

simultaneously as a wide ampl i tude m o v e m e n t to 

prevent provocat ion of symptoms . 

Nerve massage 
The not ion of massaging a nerve is part icularly 

interesting because it seems unusua l to massage 

nerves. In my experience with poster ior tarsal tunne l 

syndrome, massage of the nerve and its su r round ing 

tissues can be very effective. The technique is per

formed by the therapist locating the nerve and mas

saging directly on it, as well as on the interfacing soft 

tissues and even the tissues innervated by the nerve. 

The massage passes along the course of the nerve 

distally into the foot and proximally into the calf. 

Focusing the t rea tment immediate ly proximal and 

distal to the tunnel is also per formed so as to move 

fluid in the nerve away from the tunne l a n d improve 

in t raneura l fluid pressures and b lood flow. T h e 

movement s are m a d e with the t h u m b or fingers and 

consist of small circular and longi tudinal mo t ions . 

The technique is basically a combina t ion of gentle 

deep friction a n d effleurage in which swelling in the 

nerve and environs is removed from the area. The 

changes in swelling in the nerve are often remark

ably palpable following t rea tment . Fu r the rmore , the 

mos t striking reassessment findings often evident 

immediately after the massage can be a reduct ion in 

sensitivity of the nerve to palpat ion, improvement s 

in neu rodynamic testing and even improvemen t s 

in neurological f indings. The technique can be per

formed in p rob lems at all levels. 

SURAL NERVE 

Introduction 

Disorders of the sural nerve cause pain anywhere 

along the distal posterolateral calf region, pos tero

lateral ankle and dorsolateral edge of the foot to the 

lateral two toes. As wi th all neuropathies , this one 

has the potent ia l to p roduce the gamut of neu ro 

pathic symptoms in addi t ion to aches and pains that 

will masquerade as a p rob lem in the nearby muscu

loskeletal tissues. It can be affected by sprained ankle, 

part icularly when the mechan i sm of injury is related 

to severe adduc t ion of the ca lcaneum or dorsiflex-

ion/inversion of the ankle. Naturally, this is because 

the nerve passes a r o u n d the dorsolateral surface of 

the ankle poster ior to the lateral malleolus. The sural 

nerve may also cause pain in the region of, and coex

ist wi th stiffness in the joints that su r round , the 

cuboid bone . Clearly, b iomechanics in the lower l imb 

and ensur ing that the local joints and muscles func

t ion opt imal ly are i m p o r t a n t aspects of assessment 

and t r ea tment of this p rob lem. 

Neurodynamic testing 

Neurodynamic testing at level 1 is similar in principle 

to that for the peroneal and tibial nerves. Naturally, 

the sural neurodynamic test is used and the 

specific foot movement s of dorsiflexion/inversion 

are employed to detect the presence of distal and 

proximal sliding and tension dysfunctions in the 

same way as the posterior tibial nerve. If symp toms 



occur in the field of the nerve, palpat ion of the nerve 

can confirm the diagnosis. 

At level 2, the s t andard sural n e u r o d y n a m i c test is 

used, whereby the foot movemen t s of dorsiflexion/ 

inversion are pe r fo rmed to the f i rs t onset of symp

toms , followed by the leg raise. The second progres

sion at level 2 would be to per form the test in long 

sitt ing whilst the therapis t posi t ions and stabilizes 

the knee in extension and the foot in dorsiflexion/ 

inversion. At level/type 3a, the test is combined wi th 

the long sitting s lump test, in ternal ro ta t ion of the 

h ip and contralateral lateral flexion of the spine is 

added . The level/type 3b test involves pe r fo rmance 

of the sural n e u r o d y n a m i c test, s tar t ing wi th the 

foot m o v e m e n t s whilst the pat ient is in the supine 

pos i t ion and following wi th the remain ing move

men t s in proximal order ( internal ro ta t ion of the 

hip, h ip flexion whilst mov ing into the long sitt ing 

posi t ion and contralateral lateral flexion of the 

spine) . The final progress ion (level/type 3c) is to 

per form the test for level/type 3b except add resisted 

cont rac t ion of plantarf lexion/eversion of the foot. 

This activates the peronei and will apply increased 

pressure to the nerve a n d offer in format ion on m i n 

imal dysfunction in the nerve. The reader should 

bear in m i n d that the sural n e u r o d y n a m i c test is 

highly sensitive w h e n compared wi th the tibial neu 

rodynamic test, especially to movemen t s from a 

remote locat ion such as the h ip . This reactivity is 

character ized by the sudden onset of s y m p t o m s in 

the foot wi th only small changes in range of m o t i o n 

at the end of the movemen t . I t will therefore be 

necessary to per form movemen t s of the r emote sites 

slowly and carefully. 

Treatment 
At level 1, t rea tment for the sural nerve dysfunction is 

best executed with sliders that do no t evoke symptoms 

at first and move away from the specific dysfunction. 

The sliders for the nerve are as follows and they are 

applied and progressed in the same way as in the pos

terior tibial nerve (Figs 12.25,12.26 and 12.27). 

At level 2, the first progression is m u c h the same 

as tha t for the peroneal and tibial nerves bu t the 

difference is tha t the foot movemen t s revolve 

a r o u n d dorsiflexion/inversion. In level 2, tensioners 

are applied in which the straight leg raise is c o m 

bined wi th dorsif lexion/inversion in the supine 

posi t ion and is the s t andard sural neu rodynamic 



test. Progression 2 is the same test in long sitting 

with more potential for per formance of h ip flex

ion and fixation of the knee in extension or foot 

dorsiflexion/inversion by the therapist . 

The level/type 3a progression is the long sitting 

s lump test for the sural nerve with internal rotation of 

the hip, hip flexion and contralateral lateral flexion. 

The progression for level/type 3b is the same as for 

level/type 3a except the sequence of movements starts 

at the foot and finishes with the spinal movements . 

The level/type 3c progression is as for level/type 

3b except a resisted active plantarflexion/eversion is 

performed. 

Ano the r useful technique at level 3c is the joint 

mobi l izat ion whilst the sural nerve is in a neurody

namic posi t ion. It m a y b e used in cases of stiffness in 

the joints on the lateral aspect of the foot or those 

that involve inversion. For instance mobi l iza t ion of 

the calcanoecuboid joint can be per formed in the 

long sitting sural s l ump posi t ion. 
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side lying, 149-150 

s t ruc tu ra l different iat ion, 150 

Fibroblas ts , 63 , 69 

F i lum t e rmina le , 32 

Finger f lex ion a n d extens ion, 43 
F n n t 4 4 - 4 S 

H a m s t r i n g s l u m p test, 225, 225 

H a m s t r i n g s t ra in , 2 2 3 - 2 2 8 

n e u r o d y n a m i c test ing, 224-225 

t r ea tmen t , 226, 2 2 6 - 2 2 8 , 227 

H a m s t r i n g s 

pa lpa t ion wi th n e u r o d y n a m i c 

test ing, 225 

in SI radiculopathy, 2 1 3 - 2 1 4 

H e a d a c h e (cervicogenic) , 169-174 

mechanica l interface, 170 

musc le test ing, 174 

u p p e r cervical s l u m p test, 

170-173 

Heel pa in , 2 3 2 - 2 3 5 

in f l ammat ion dysfunct ion, 70-71 

sliding dysfunct ion, 89 

Hip , 4 3 - 4 4 

adduc t i on , 44 

extens ion, 44 

f l e x i o n , 4 3 - 4 4 

see also Straight leg raise 

media l ro ta t ion , 44 

Hi s to ry 

closing dysfunct ions , 80, 82 

i n f l a m m a t i o n dysfunct ion, 95 

mechanica l interface 

dysfunct ions , 7 8 - 7 9 

o p e n i n g dysfunct ions , 83 , 85 

Clos ing (contd) 

r educed see Reduced closing 

dysfunct ions 

m e c h a n i s m s , 11 -12 

C o m p r e s s i o n , 7, 7 

c losing a n d , 12 

i n t r a n e u r a l b l o o d f low a n d , 17 

see also Pressure , elevated 

Connec t ive t issues, n e r v o u s system, 

3 - 4 

Con t ra l a t e ra l m o v e m e n t s , clinical 

app l ica t ion , 38 

Cont ra la te ra l n e u r o d y n a m i c tests, 

3 7 - 3 8 , 38, 114 

Convergence , 5, 7 - 8 , 9 

spinal neura l t issues, 3 3 - 3 4 , 35 

Cover t a b n o r m a l response (CAR) , 

101-103 

Cubi ta l t unne l s y n d r o m e , 4 1 , 82 

D u r a 

sensory inne rva t ion , 18 

in spinal flexion, 32 

D u r a t i o n of test ing ( m o v e m e n t ) , 

2 1 - 2 2 

Dysaesthesiae, 64, 85, 87, 89, 90 

dorsiflexion, 44 

dorsif lexion/ inversion, 45 

eversion, 44 

plantarf lexion/ invers ion, 45 

Force 

general appl ica t ion, 2 0 - 2 1 

local izat ion, 21 

viscoelasticity and , 15 



Inf lammat ion , 16,18-19 

in mechanica l i r r i ta t ion, 6 2 - 6 3 

neural tr iggers, 70 

neurogenic , 18, 19, 6 9 - 7 0 

release of pept ides s t imula t ing , 

69, 69 

Inf lammat ion dysfunct ion, 6 9 - 7 2 

diagnosis , 9 4 - 9 5 

increased, 7 0 - 7 1 , 9 4 - 9 5 

reduced, 7 1 - 7 2 , 72 ,95 

Inf lammatory response , assessment , 

1 9 , 7 1 - 7 2 , 9 5 

Innervated tissues, 4 

dysfunct ions, 5 0 , 6 5 - 7 2 

diagnosis , 9 2 - 9 5 

m o v e m e n t , 8 -10 

physiology and , 18-19 

testing, 2 3 - 2 4 

Instabili ty 

musculoskeletal , 54, 56, 82 

neural , 6 1 , 90 

In ternat ional Associat ion for the 

S tudy of Pain, 50 

Interver tebral foramina 

closing and open ing , 11 ,12 

flexion and extension a n d , 33 , 33 

lateral flexion a n d lateral glide 

and , 35 

rota t ion and , 36 

In t raneura l b lood flow, 15-18 

in clinical reasoning , 92 

compress ion and , 17 

elevated pressure and , 62, 62 

practical relevance, 17-18 

regulat ion, 15-17 

tens ion and , 17 

tens ion and compress ion 

in teract ions , 17 

Lateral femoral c u t a n e o u s 

n e u r o d y n a m i c test 

( L F C N T ) , 148 ,228 

Lateral femoral c u t a n e o u s 

neuropa thy , 228 

Lateral f lex ion , 3 5 - 3 6 

Lateral glide, 3 5 - 3 6 

List 

cont ra la tera l , 80 

ipsilateral, 83 , 224 

Localized examina t ion (level 3b) , 111 

Localized musc le hyperact iv i ty 

dysfunct ion , 6 8 , 9 4 

Lower l imb /qua r t e r , 2 1 7 - 2 3 7 

n e u r o d y n a m i c tests, 132-151 

pain , 218 

sensi t izing m o v e m e n t s , 98 

specific n e u r o d y n a m i c s , 4 3 - 4 5 

L u m b a r radiculopathy , 196-215 

m i d - l u m b a r region, 2 1 4 - 2 1 6 

physical examina t ion , 196-198 

t r ea tmen t , 198-215 

vs p i r i formis s y n d r o m e , 2 1 8 - 2 1 9 

see also SI r ad i cu lopa thy 

L u m b a r spine, 195-216 

caudad/d i s ta l sl iding dysfunct ion, 

2 0 5 - 2 0 6 

Mai t l and , G, 10, 106, 108 

M a n u a l test ing 

in closing dysfunct ions , 8 1 , 82 

in mechan ica l interface 

dysfunct ions , 7 9 - 8 0 

in o p e n i n g dysfunct ions , 8 3 - 8 4 , 

86 

Massage, n e u r o d y n a m i c 

m e d i a n nerve at elbow, 184, 185 

pos te r io r tibial nerve , 235 

sup ina to r t unne l s y n d r o m e , 187 

Mechanica l changes 

n e r v o u s system responses , 14 

physiological effects, 1 5 , 1 5 

spread , 14 

Mechanica l dysfunct ion 

as cause of pa in , 50 

in te rac t ions be tween different 

types , 51 

types , 51 

Mechanica l funct ions , p r imary , 4 - 7 

Mechanica l interface, 2 - 3 

compres s ion by, 7 

m o v e m e n t , 10-12 

test ing, 23 

Mechanica l interface dysfunct ions , 

5 0 , 5 2 - 5 9 

cervical sp ine , 164 -166 

closing see under C los ing 

defined, 52 

pa thoana tomica l dysfunct ion, 87 

pathophysiological dysfunction, 88 

reduced neura l sliding, 89 

Hor izonta l extension t echn ique , 

carpal tunne l s y n d r o m e , 

189-190, 190, 192 

Horizonta l flexion t echn ique , carpal 

tunne l s y n d r o m e , 188-189 , 

189, 190 

Hyperalgesia, 64, 79 

Hyper lordot ic l u m b a r sp ine , 82, 83 

Hypermobi l i ty , neura l , 6 1 , 9 0 

Irrelevant ( p rob l ems ) , 52 

Irrelevant a b n o r m a l n e u r o d y n a m i c 

response , 103 

Irritability, Mai t l and ' s concept , 108 

I r r i t a t ion , mechan ica l see 

Mechanica l i r r i ta t ion 

Joint 

m o v e m e n t s , 7 - 8 , 9, 14 

o p e n i n g a n d closing, 12 

cepha l ad /p rox ima l sl iding 

dysfunct ion , 2 0 2 - 2 0 4 

complex dysfunct ions , 210, 

210-212,211,213 

hyper lo rdo t i c , 82, 83 

mechan ica l interface 

dysfunct ions , 198-202 

musc le hyperac t iv i ty 

dysfunct ions , 2 1 2 - 2 1 4 , 213 

neura l dysfunct ions , 2 0 2 - 2 0 9 

physical e x a m i n a t i o n , 196-198 

reduced closing dysfunct ion , 

198-202 

reduced o p e n i n g dysfunc t ion , 202 

tens ion dysfunc t ion , 2 0 6 - 2 0 9 

see also Back pa in , low 

Lumbosac ra l nerve roo t s , h ip 

m o v e m e n t s and , 43,43-44 

Lumbosacra l t r u n k , h ip f l ex ion and , 

43,43-44 

Kingery's sign, 188 

Knee, 44 

extens ion , 44 

flexion, 44 

pa in , 2 2 8 - 2 3 0 

Knee-ex tens ion- in -s i t t ing (KEIS) 

test, 39 



Mechanica l interface dysfunct ions 

(contd) 

diagnosis , 7 8 - 8 8 

history, 7 8 - 7 9 

instabi l i ty and , 56 

o p e n i n g see under O p e n i n g 

p a t h o a n a t o m i c a l , 5 7 - 5 8 

pa thophys io logica l , 59 

physical f indings, 7 9 - 8 0 

radiological invest igat ion, 79 

s y m p t o m s , 78 

t r e a t m e n t guidel ines , 154-155 

Mechan ica l i r r i t a t ion , 6 2 - 6 3 , 63 

pressure in te rac t ions , 63 , 63 

Mechanosens i t iv i ty , 6 3 - 6 5 

chemica l , 6 4 - 6 5 

clinical correlates , 65 

in clinical r eason ing , 92 

defined, 64 

n o r m a l vs a b n o r m a l , 64 

Media l calcaneal nerve , 232 

Med ian nerve 

b leed ing a r o u n d , 58, 58 

in carpal t u n n e l , 188 

closing m e c h a n i s m s , 11 -12 

e lbow m o v e m e n t s and , 4 1 - 4 2 

finger m o v e m e n t s and , 43 

lateral flexion a n d glide and , 36 

lateral neck flexion and , 40 

long i tud ina l sl iding, 5 

massage at elbow, 184, 185 

pa lpa t ion , 188, 189 

shou lde r m o v e m e n t s and , 4 0 - 4 1 

sl iding dysfunc t ion , 60 

t ransverse s l iding, 6 

wr i s t m o v e m e n t s and , 42 

see also Carpa l t u n n e l s y n d r o m e 

M e d i a n n e u r o d y n a m i c test, xi 

M e d i a n n e u r o d y n a m i c test 1 

( M N T 1 ) , 118-121 

carpal t unne l s y n d r o m e , 188, 190, 

191, 192 

cervical nerve roo t t ens ion 

dysfunct ion , 167 -168 , 168, 

169 

cervical rad icu lopa thy , 161, 

162-164 , 164 

cervicogenic headache , 171 

c o m m o n p r o b l e m s , 120-121 

cont ra la te ra l , 37 

d iagnos t ic efficacy, 100 

ind ica t ions , 119 

level / type 3, 164 

modi f ied ( s u p p o r t e d ) , 121, 122 

m o v e m e n t s , 120, 120, 121 

n o r m a l response , 121, 122 

prepa ra t i on , 119 ,119 

p r o n a t o r t u n n e l s y n d r o m e , 

1 8 1 - 1 8 3 , 184 

sequenc ing , 24 

thorac ic ou t le t s y n d r o m e , 179, 

179-180 

us ing m o v e m e n t d i ag ram, 106 

M e d i a n n e u r o d y n a m i c test 2 

( M N T 2 ) , 125-128 

cervical sp ine , 161 

c o m m o n p r o b l e m s , 127-128 , 128 

ind ica t ions , 125 

n o r m a l response , 128 

p r o n a t o r t u n n e l s y n d r o m e , 183, 

183 

t echn ique , 125-127 , 126, 127 

Meralgia paraes the t ica , 228 

M e s o n e u r i u m , 6 

Metabo l i c d isorders , 65 

M i d - l u m b a r d isorders , 2 1 4 - 2 1 6 

interface a n d neura l dysfunct ions , 

2 1 5 - 2 1 6 

n e u r o d y n a m i c test ing, 2 1 4 - 2 1 5 

M o t o r con t ro l 

dysfunct ions , 6 6 - 6 9 , 9 2 - 9 4 

i m p o r t a n c e , 66 

n e u r o d y n a m i c s and , 66 

M o v e m e n t 

d u r a t i o n , 2 1 - 2 2 

extent , 21 

feeling for changes , 106 

inne rva t ed t issues, 8 -10 

jo in t , 7 - 8 , 9, 14 

mechan ica l interface, 10 -12 

n e r v o u s system responses , 14-15 

neura l see N e u r a l m o v e m e n t 

resistance to , 21 

speed, 22 

see also Active m o v e m e n t s 

M o v e m e n t d i ag ram, 10, 2 J 

appl ica t ion , 11, 106, 115 

Mul t i s t ruc tu ra l examina t i on 

(level 3c) , 110, 111-112 

Muscle 

as inne rva ted t issue, 66 

as interface, 66 

ne rve compres s ion by, 12 

Muscle hyperac t iv i ty dysfunct ion 

localized, 68 , 94 

l u m b a r sp ine , 2 1 2 - 2 1 4 , 213 

Neck f lex ion 

neura l effects, 3 3 - 3 4 , 34 

test, passive, 118 

Nerve bend ing , 8, 9 

Nerv i vasa n e r v o r u m , 16, 18 

Nervous system, 3 

as a c o n t i n u u m , 13-14 

general layout, 2 - 4 

links be tween mechan ics and 

physiology, 15, 15 

physiology see Physiology 

p r i m a r y mechanica l funct ions, 

4 - 7 

responses to m o v e m e n t , 14-15 

t r ansmiss ion of forces along, 13 

Neura l dysfunct ions , 50, 5 9 - 6 5 

diagnosis , 88 -92 

pa thoana tomica l , 6 1 , 61 

pathophysiological , 6 2 - 6 5 

sliding (excurs ion) , 59 -60 , 8 8 - 8 9 

t r e a t m e n t guidel ines, 156-158 

Neura l m o v e m e n t 

dynamics , 14-15 

in t r aneura l b lood f low dur ing , 

16 -17 

m e c h a n i s m s , 7 -13 

Neura l sl iding see Sliding, neura l 

Neura l s t re tching, 2, 23 

Neura l s t ruc tures , 3 - 4 

testing, 23 

Neura l tens ion see Tension, neura l 

N e u r o a n a t o m y , xiii 

N e u r o d y n a m i c massage see Massage, 

n e u r o d y n a m i c 

N e u r o d y n a m i c sequencing , 19-25 

defined, 20 

i m p o r t a n c e , 2 4 - 2 5 

key facts, 20 

key variables, 2 0 - 2 4 

level 3b examina t ion , 111 

or ig in of concept , 19-20 

personal iz ing , 2 4 - 2 5 

serial, 24 

protect ive, 6 6 - 6 7 , 9 2 - 9 3 

Muscle hypoact iv i ty dysfunct ion, 68, 

94 

Muscle imba lance dysfunct ion, 68, 

9 3 - 9 4 , 94 

Muscle release techniques , cervical 

radiculopathy, 169, 169 



N e u r o d y n a m i c tests, 2 5 , 2 5 - 2 6 

a b n o r m a l response see A b n o r m a l 

n e u r o d y n a m i c response 

bilateral, 3 8 - 3 9 , 114 

classification of responses , 

100-104, 102 

in closing dysfunct ions , 82 

con t ra ind ica t ions , 107-108 

contrala teral , 3 7 - 3 8 , 38, 114 

defined, 25 

diagnosis wi th , 9 7 - 1 0 4 

diagnost ic efficacy, 9 9 - 1 0 0 

factors affecting accuracy, 24 

false positive, 88 

feeling for changes in m o v e m e n t , 

106 

general po in t s on t echn ique , 

113-116 

history, xi 

individual variability, 99 

in in f l ammat ion dysfunct ion, 95 

in terpre ta t ion , 9 9 - 1 0 4 

levels see under Physical 

examina t ion 

in mechanica l interface 

dysfunct ions , 80 

musculoskeleta l response , 100 

in nerve hypermobi l i ty , 90 

n e u r o d y n a m i c response , 100-104 

n o r m a l response , 101 

in o p e n i n g dysfunct ions , 84, 86 

in p a t h o a n a t o m i c a l dysfunct ion, 

9 0 - 9 1 

in pathophysiological 

dysfunct ion, 88 

p l ann ing and extent , 106-113 

posit ive/negative d is t inc t ion , 52, 

100 

sequence, 113 

sequencing see N e u r o d y n a m i c 

sequenc ing 

in sliding dysfunct ion, 89 

s tandard , 113, 117-151 

in tens ion dysfunct ion, 90 

terminology, 25, 118 

use, 26 

see also Physical examina t ion ; 

specific tests 

Neurodynamica l ly sensitized 

examina t ion (level 3a) , 111 

N e u r o d y n a m i c s 

clinical, defined, 2 

concept , 2 

general , 1-26 

specific, 2, 3 1 - 4 5 

N e u r o g e n i c i n f l ammat ion , 18 ,19 , 

6 9 - 7 0 

N e u r o g e n i c pa in , defined, 50 

Neuro log ica l e x a m i n a t i o n 

in i n f l a m m a t i o n dysfunct ion, 95 

in mechan ica l interface 

dysfunct ions , 80 

in nerve hypermobi l i ty , 90 

in p a t h o a n a t o m i c a l dysfunct ion, 

91 

in p i r i formis s y n d r o m e , 218 

N e u r o p a t h o d y n a m i c s , 5 0 - 7 5 

classification of p r o b l e m s , 5 0 - 5 2 

clinical p r o b l e m s and , 5 1 - 5 2 , 

103 -104 

general , 4 9 - 7 5 

n e u r o d y n a m i c test ing and , 9 8 - 9 9 

specific, 50 

see also A b n o r m a l n e u r o d y n a m i c 

response 

N e u r o p e p t i d e s , 69, 69 

see also Ca lc i ton in gene-re la ted 

pep t ide ; Subs tance P 

Noc icep to rs 

in cent ra l n e r v o u s system, 18 

in t r aneu ra l b l o o d flow regula t ion , 

16 

in mechan ica l i r r i ta t ion , 62 

in pe r iphe ra l nerves , 18 

N o r a d r e n a l i n e ( n o r e p i n e p h r i n e ) , 72 

N o r m a l , 5 1 , 5 2 

N o r m a l n e u r o d y n a m i c response , 

101 

Nuc leus p u l p o s u s , p r o t r u s i o n , 59 

N u m b n e s s , 85 

O p e n e r s , 154 

carpal t u n n e l s y n d r o m e , 190-191 

d y n a m i c , 154 

cervical rad icu lopa thy , 165, 

165, 166 

l u m b a r rad icu lopa thy , 2 0 1 , 201 

pi r i formis s y n d r o m e , 221 

p r o n a t o r t u n n e l s y n d r o m e , 181 

sup ina to r t u n n e l s y n d r o m e , 185 

thorac ic ou t le t s y n d r o m e , 178 

static, 154 

cervical rad icu lopa thy , 

164 -165 , 165 

l u m b a r rad icu lopa thy , 

1 9 9 - 2 0 1 , 2 0 0 

p i r i formis s y n d r o m e , 221 

p r o n a t o r t u n n e l s y n d r o m e , 181 

s u p i n a t o r t u n n e l s y n d r o m e , 

185 

tho rac i c ou t le t s y n d r o m e , 178 

O p e n i n g , 10 

dysfunct ions , 5 4 - 5 6 

diagnosis , 8 3 - 8 6 

excessive see Excessive o p e n i n g 

dysfunct ions 

r e d u c e d see Reduced o p e n i n g 

dysfunc t ions 

m e c h a n i s m s , 12 

O p t i m a l , 5 1 , 5 2 

Overpressure , in s l u m p test, 143, 143 

Over t a b n o r m a l r e sponse (OAR) , 

101 

Pain 

b iopsychosocia l m o d e l , 9 8 - 9 9 

centra l m e c h a n i s m s , 98 

la tent , 108 

n e u r o d y n a m i c tes t ing and , 107, 

108 

neu rogen i c , defined, 50 

in pa thophys io log ica l 

dysfunc t ion , 8 7 - 8 8 

pe r iphe ra l m e c h a n i s m s , 4 

receptors in n e r v o u s system, 18 

slider t echn iques , 156 

Painful arcs, 78 

Pa lpa t ion 

in closing dysfunct ions , 82 

in i n f l a m m a t i o n dysfunct ion , 95 

in mechan ica l interface 

dysfunct ions , 80 

O b t u r a t o r n e u r o d y n a m i c test 

( O N T ) , 1 5 0 - 1 5 1 , 151 

O e d e m a , neura l , 16, 16 

elevated pressure and , 62, 62 

in mechan ica l i r r i ta t ion , 63 

Offloaders (an t i - t ens ioners ) , 158 

cervical rad icu lopa thy , 167, 167 

l u m b a r radiculopathy , 2 0 7 - 2 0 8 , 

208 

pir i formis s y n d r o m e , 2 2 2 , 2 2 2 

p r o n a t o r s y n d r o m e , 183-184 

sup ina to r t unne l s y n d r o m e , 185, 

187, 187 



Palpa t ion (contd) 

in nerve hypermobi l i ty , 90 

in o p e n i n g dysfunct ions , 84, 86 

in p a t h o a n a t o m i c a l dysfunct ion , 

91 

in s l iding dysfunct ion , 89 

in t ens ion dysfunc t ion , 90 

Paraes thesiae , 87, 8 9 , 9 0 

Paralysis, 69 

Passive m o v e m e n t s , in t ens ion 

dysfunc t ion , 8 9 - 9 0 

Passive neck flexion test, 118 

Pate l lofemoral jo in t , 2 2 9 - 2 3 0 , 2 3 0 

P a t h o a n a t o m i c a l dysfunct ion , 5 7 - 5 8 

clinical examples , 5 7 - 5 8 , 9 1 

def ined, 57 

d iagnos is , 8 6 - 8 7 , 9 0 - 9 1 

mechan ica l interface, 57 

neura l , 6 1 , 61 

Pathophysiological dysfunc t ion , 59 

def in i t ion , 59 

d iagnos is , 8 7 - 8 8 , 9 1 - 9 2 

mechan ica l interface, 59 

neura l , 6 2 - 6 5 

Per i lunate instability, 82 

P e r i n e u r i u m , 5 

Per iphera l nerves 

i n f l ammat ion a n d , 18 -19 

nocicept ive i nne rva t ion , 18 

Per iphera l n e u r o p a t h i e s , 

classification, 50 

Peroneal nerve , 2 3 0 - 2 3 2 

n e u r o d y n a m i c test ing, 2 3 0 - 2 3 1 

in p i r i formis s y n d r o m e , 218 

t ens ion ing m o v e m e n t s , 45 

t r e a t m e n t , 231, 2 3 1 - 2 3 2 

see also Superficial pe ronea l nerve 

Peroneal n e u r o d y n a m i c test ( P N T ) , 

139, 139-140 

in pe ronea l nerve p r o b l e m s , 

230 -231 

in p i r i formis s y n d r o m e , 219 

Phalen 's test, 7, 11-12 , 188 

Physical e x a m i n a t i o n , 105-116 

in closing dysfunct ions , 8 0 - 8 1 , 82 

feeling for changes in m o v e m e n t , 

106 

general po in t s on t echn ique , 

113-116 

in i n f l ammat ion dysfunc t ion , 95 

level 0 ( n o n e ) , 107-108 

level 1 ( l imi ted) , 108-109 

level 2 ( s t a n d a r d ) , 109-110 , 113 

level 3, 110 -113 

type 3a, 111 

type 3b, 111 

type 3c, 111-112 

type 3d, 112-113 

in mechan ica l interface 

dysfunct ions , 7 9 - 8 0 

in m o t o r con t ro l dysfunct ions , 93 

nerve hypermobi l i ty , 90 

in o p e n i n g dysfunct ions , 8 3 - 8 4 , 

8 5 - 8 6 

in p a t h o a n a t o m i c a l dysfunct ion , 

9 0 - 9 1 

in pa thophys io logica l 

dysfunct ion , 88 

p l a n n i n g a n d extent , 106-113 

in sl iding dysfunct ion, 89 

in t ens ion dysfunct ion, 8 9 - 9 0 

see also N e u r o d y n a m i c tests 

Physiology, 15 -19 

events , 15 -18 

inne rva ted t issues and , 18-19 

l inks wi th mechan ics , 15, 15 

see also Pathophysiological 

dysfunct ion 

Pir i formis n e u r o d y n a m i c test, 219, 

219,220 

modif ied , 220, 220 

Pir i formis s l u m p test, 2 2 0 - 2 2 1 , 

221 

Pir i formis s y n d r o m e , 45 , 2 1 8 - 2 2 3 

physical examina t ion /d i agnos i s , 

2 1 8 - 2 2 1 

level 1,2 a n d 3a, 219 

level 3b, 219, 219, 220 

level 3c, 2 2 0 - 2 2 1 

sl iding dysfunct ion, 89 

t r e a t m e n t , 2 2 1 - 2 2 3 

Plantar fasciitis, 2 3 2 - 2 3 5 

Poster ior in te rosseous nerve 

compres s ion , 12 

e lbow p r o n a t i o n a n d sup ina t i on , 

42 

n e u r o d y n a m i c massage , 187 

Poster ior t ibial nerve , 2 3 2 - 2 3 5 

mechan ica l interface tes t ing and 

t r e a t m e n t , 2 3 2 - 2 3 3 
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