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A short introduction into the objective of 
this thesis

Neuropathic pain is a frequently occurring, disabling disease. Current treatment options are 
still relatively poor, compared with treatment options for nociceptive pain. Furthermore, 
many patients are treated inadequately.
Patients with neuropathic pain frequently report symptoms of stimulus-evoked pain, i.e. 
hyperalgesia and allodynia. By means of quantitative sensory testing (QST) the presence of 
stimulus-evoked pain can be detected and/or confirmed. Furthermore, with QST the extent 
and severity of a patient’s stimulus-evoked pain can be measured, which is of use for the 
evaluation of therapeutic interventions.
The objective of this thesis is the validation and implementation of a QST algorithm with Von 
Frey monofilaments, which can be used to assess and quantify stimulus-evoked pain, in order 
to improve treatment options in patients with (possible) neuropathic pain.

In chapter 1, epidemiology, clinical features and diagnosis of neuropathic pain will be pre-
sented. Chapter 2 will deal with the pathophysiology of neuropathic pain and the current 
treatment options. In chapter 3, different methods and algorithms of quantitative sensory 
testing (QST) will be outlined. The anti-allodynic and anti-hyperalgesic properties of cannabi-
noid agonists will be outlined in chapter 4. Chapter 5 will connect theory to practice, i.e. by 
introducing the studies that will be presented in the subsequent chapters.
In chapter 6, a clinical study will be presented in which we aim to determine a mean pain 
threshold with the use of Von Frey monofilaments in patients with stimulus-evoked pain as 
a consequence of neuropathic pain. In chapter 7, a clinical study in which we investigate the 
clinical relevance of QST with Von Frey monofilaments will be presented. Chapter 8 deals 
with the semantic aspects of the terms allodynia and hyperalgesia. In chapter 9, a clinical 
study is presented in which the usefulness of Von Frey monofilaments for the detection and 
quantification of stimulus-evoked pain will be investigated. Finally, in chapter 10 results will be 
summarised and perspectives for further research will be provided.
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Epidemiology, clinical features and 
diagnosis of neuropathic pain
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1.1.    Epidemiology
A considerable proportion of the western population suffers from chronic pain. Estimates 
on prevalence figures diverge and range from 2 to 55,2%, depending on the criteria that 
the researchers set for their definition of chronic pain [Crombie et al., 1994; Verhaak et al., 
1998; Elliot et al., 1999; Van Cranenburgh, 2002; Picavet & Schouten, 2003; Harstall et al., 2003]. 
Usually, pain is considered chronic if there is no obvious injury [Macres et al., 1999] or when 
it persists for months and years - beyond the normal time of healing [Bonica, 1953; Turk & 
Okifuji, 2002, Harstall et al., 2003 (IASP)]. Others consider a chronic pain syndrome to be 
present when a patient’s coping strategies fail [Vissers, 2006]. Long-lasting pain due to chro-
nic inflammatory diseases (e.g. rheumatoid arthritis) or cancer should not be called chronic 
pain, as long-lasting nociception is present. There is no single, uniform definition of when pain 
is chronic.
About 25% of these patients with chronic pain will have neuropathic pain [Bowsher, 1991]. 
It is estimated that 1,5% - 3% of the population suffers from neuropathic pain [Smith and 
Chong, 2000; Carter et al., 2001; Chong et al., 2003; Gilron et al., 2006]. However, chronic 
neuropathic pain is likely to be much more common than has generally been appreciated 
[Dworkin, 2002]. Disorders such as degenerative diseases, cancer, low back pain, traumatic 
injury may all contain considerable neuropathic components [Jensen and Baron, 2003; Chong, 
2003]. This underestimated prevalence of neuropathic pain is illustrated in a study by Tor-
rance et al., who measured a prevalence of “pain of predominantly neuropathic origin” of 8% 
[Torrance et al., 2006]. In comparison; the prevalence of other frequently occurring diseases 
such as diabetes mellitus type 2 is estimated to be 3% [Ubink-Veltmaat et al., 2003].
The economic costs of neuropathic pain are considerable; in the US the annual costs of 
neuropathic pain are estimated to amount to $40 billion [Gilron et al., 2006]. Patients with 
neuropathic pain have been found to generate a 3-fold higher health care costs than mat-
ched control subjects [Berger et al., 2004].

1.2.    Neuropathic pain
The International Association for the Study of Pain (IASP) defines neuropathic pain as pain 
initiated or caused by a primary lesion or dysfunction in the nervous system [Merskey and 
Bogduk, 1994].
Neuropathic pain differs from the more familiar nociceptive pain, as the latter is initiated 
by sensory nociceptor fibres following imminent or actual tissue damage [Woolf and Salter, 
2000]. Nociceptive pain has a protective role; it elicits reflex and behavioural responses that 
prevent the damage from escalating [Woolf and Mannion, 1999]. Nociceptive pain is gene-
rally well localised, it usually responds sufficiently to classic analgesic drugs and subsides with 
healing or removal of the noxious stimulus [Stannard and Booth, 1998; Chong et al., 2003].
The origin of neuropathic pain lies within the nervous system itself, rather than in the acti-
vation of peripheral nociceptors. Examples of neuropathic pain syndromes include: phantom 
limb pain, diabetic neuropathy, postherpetic neuralgia, trigeminal neuralgia and thalamic pain. 
However, the distinction between neuropathic pain and nociceptive pain is not as clear-cut 
as it may seem. For example, radicular pain is the consequence of both nociception and 
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Table 1. Common types of neuropathic pain 

Peripheral neuropathic pain 
 Acute and chronic inflammatory demyelinating polyradiculopathy 
 Alcoholic polyneuropathy 
 Chemotherapy-induced polyneuropathy 
 Complex Regional Pain Syndrome (CRPS) 
 Entrapment neuropathies (e.g., carpal tunnel syndrome) 
 HIV sensory neuropathy 
 Iatrogenic neuralgias (e.g., postmastectomy pain or postthoracotomy pain) 
 Idiopathic sensory neuropathy 
 Nerve compression or infiltration by tumour 
 Nutritional deficiency-related neuropathies 
 Painful diabetic neuropathy 
 Phantom limb pain 
 Postherpetic neuralgia 
 Post radiation plexopathy 
 Posttraumatic neuralgias 
 Radiculopathy (cervical, thoracic or lumbosacral) 
 Toxic exposure-related neuropathies 
 Tic douloureux (trigeminal neuralgia)  
Central neuropathic pain 
 Compressive myelopathy from spinal stenosis 
 HIV myelopathy 
 Multiple sclerosis-related pain 
 Parkinson disease-related pain 
 Post ischemic myelopathy 
 Post radiation myelopathy 
 Post stroke pain 
 Posttraumatic spinal cord injury pain 
 Syringomyelia  
 
Table 1. Classification of neuropathic pain based on the localisation of aetiology, i.e., peripheral or central. Reprinted 
from Dworkin et al., Advances in neuropathic pain. Diagnosis, mechanisms, and treatment recommendations. Archives 
of Neurology Vol60:p1524-1534. Copyright © (2003) American Medical Association. All rights reserved.
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irritation of the involved dorsal root. This form of neuropathic pain is also called nociceptive 
neuropathic pain, which is defined by the IASP as pain initiated or caused by activation of the 
nervi nervorum (of the nerve trunk) by local ongoing tissue damage [Merskey and Bogduk, 
1994; Dellemijn, 1997]. Another form of neuropathic pain is deafferentation pain, which is 
non-nociceptive in nature and results from distorted somatosensory information and sensiti-
sation of pain modulating systems within the peripheral and central nervous system 
[Dellemijn, 1997; Woolf and Mannion, 1999; Jensen et al., 2003]. 
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A third, perhaps even more complex form of neuropathic pain is sympathetically maintained 
pain. This type of pain is characterised by the involvement of the autonomous, sympathe-
tic nervous system and includes Complex Regional Pain Syndrome (CRPS) types 1 and 2 
[Bridges et al., 2001; Campbell et al., 2006].
According to the IASP-definition, disorders that are characterised by pain due to a dys-
function of the nervous system can also be considered as neuropathic pain syndromes. This 
would imply that disorders such as fibromyalgia, chronic low back pain and whiplash associ-
ated disorder (WAD) are neuropathic pain syndromes. Indeed, there is compelling evidence 
from recent research that shows spinal cord hyperactivity as the major cause for the pain 
in patients with these chronic pain syndromes [Price et al., 2002; Banic et al., 2004; Giesecke 
et al., 2004; O’Neill et al., 2007]. However, the term neuropathic pain is mostly reserved for 
disorders with a lesion of the nervous system and in which positive and/or negative sensory 
symptoms, such as anaesthesia, hyperalgesia and allodynia, can be demonstrated [Hansson, 
2002; Jensen and Baron, 2003; Chong et al., 2003].
Treatment options for neuropathic pain - as opposed to nociceptive pain - are poor. Where-
as more than 90% of patients with nociceptive pain can achieve adequate pain relief, it is 
estimated that the number of patients with neuropathic pain needed to treat (NNT) before 
one patient experiences a 50% improvement is, at best, between 2,5 and 4. This means 
that (with monotherapy) the chance of adequate pain relief for patients with neuropathic 
pain is only one in three [McQuay and Moore 1998 ; Irving, 2005]. It needs to be considered 
that a 50% pain relief is usually considered satisfactory [McQuay and Moore, 1998; Finnerup 
et al., 2007]. Farrar et al. (2001) demonstrated that patients may also consider a 30% pain 
reduction to be significant. With a lower standard the NNT would obviously also be lower. 
Furthermore, many patients with neuropathic pain are treated inadequately, i.e. with clas-
sical analgesic drugs such as NSAIDs, instead of antiepileptic drugs and tricyclic antidepres-
sants, which are more effective against neuropathic pain [Berger et al., 2004]. This suboptimal 
treatment of neuropathic pain is also our experience and may very well be due to both the 
under-diagnosing of neuropathic pain and insufficient knowledge of treatment options by 
many physicians.
All in all, neuropathic pain poses a considerable challenge for physicians in the field of pain 
management; not only to recognise neuropathic pain, but also to translate its symptoms into 
postulated underlying pathophysiological mechanisms, in order to apply adequate therapeutic 
intervention(s).

1.3.    Clinical features of neuropathic pain and diagnostic workup
Assessment of the patient with suspected neuropathic pain should focus on ruling out 
treatable conditions (e.g., spinal cord compression, neoplasm), confirming the diagnosis of 
neuropathic pain and identifying clinical features (e.g., insomnia, autonomic neuropathy) that 
might help individualise treatment [Gilron et al., 2006].
The first step in the diagnostic workup is the meticulous collection of the medical history, 
followed by a comprehensive physical and neurological examination [Jensen and Baron, 2003; 
Chong et al., 2003; Irving, 2005]. The outcome of such bedside examination is generally suf-
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ficient for the establishment of an adequate diagnosis. Upon indication, additional neurophys-
iological testing may be performed, such as quantitative sensory testing (QST), electrophysio-
logical testing and neuroimaging [Hansson, 2002].
Whereas nociceptive pain is usually finite, well-localised and subsides upon removal of the 
nociceptive source, neuropathic pain may exist independently from any causal stimulus. Me-
dical history provides insight in the onset, duration, quality, location and efficacy of previous 
therapy [Hansson, 2002; Jensen and Baron, 2003; Chong et al., 2003; Vissers, 2006]. Both tem-
poral and spatial aspects of the pain should be explored. Temporal aspects of pain - constant 
vs. intermittent/paroxysmal pain – can be indicative for specific diagnoses, e.g. trigeminal neu-
ralgia. Preferably, the spatial aspects of the pain should be clarified further by a pain drawing 
made by the patient, as the distribution of pain may match affected nerves or dermatomes.
Neuropathic pain is often described in terms of ‘shooting’, ‘lancinating’, ‘burning’, or even 
more narrative, such as: ‘it feels as ants crawling up my leg’. Spontaneous pain can be con-
stant, intermittent or both [Dworkin et al., 2003]. A patient who was shot in his left arm 
during the American Civil War in 1862 described his neuropathic pain to Silas Weir Mitchell, 
a neurologist who treated wounded soldiers with injuries to peripheral nerves: ‘it is as if a 
rough bar of iron were thrust to and fro through the knuckles, a red-hot iron placed at the 
junction of the palm and thenar eminence, with a heavy weight on it, and the skin was being 
rasped off my finger ends’ [Mitchell, 1872]. Although vivid - and sometimes strange - deno-
minators are used to illustrate their neuropathic pain, patients with both nociceptive and 
neuropathic pain demonstrate considerable overlap in the use of pain descriptors [Hansson, 
2002; Jensen and Baron, 2003].
Inadequate response to classic analgesic drugs (e.g. NSAIDs) may point towards a neuropa-
thic mechanism of the pain instead of nociception. Furthermore, assessment tools, such as 
the Neuropathic Pain Scale and the Leeds Assessment of Neuropathic Symptoms and Signs 
Pain Scale, have been introduced recently and may facilitate diagnosing neuropathic pain 
[Bennett et al., 2005; Bennett et al., 2007; Rog et al., 2007]. Validation of these pain scales is 
still in progress.
As chronic (neuropathic) pain leads to many psychosocial and physical impairments, a 
biopsychosocial model should be used to integrate mechanical, pathophysiological, psycho-
logical and social-contextual variables that may have caused and/or perpetuated the pain. 
Symptoms as insomnia, anorexia, anxiety, depression, physical inactivity and a diminished 
quality of life should be recognised and addressed accordingly [Turk and Okifuji, 2002; Irving, 
2005].
Physical and neurological examination should be performed to investigate the presence of 
treatable conditions, and to determine the presence and extent of sensory abnormalities, i.e. 
positive and/or negative symptoms [Gilron et al., 2006]. Signs of nociceptive neuropathic pain, 
such as a positive Lasègue (straight leg raising test) in the case of dorsal root compression, or 
the presence of a dermatomal rash and shingles in the case of acute Herpes Zoster, should 
yield further clues for an accurate diagnosis [Dellemijn, 1997]. A tentative diagnosis is the 
guide to specific sensory examination [Hansson, 2002].
Careful sensory examination should include the use of simple tools as a pin, a (paint) brush, 
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ice, and a cold and warm metal roller. Exploring the entire spectrum of fibres is crucial, since 
sensory disturbances may be confined to specific modalities. Assessment should be perfor-
med in the area with maximal pain using the contralateral, unaffected skin as control [Baron, 
2006]. In clinical practice, the response can be simply graded as: normal, decreased/increased 
or absent [Jensen and Baron, 2003].
The area in which sensory dysfunction is found, should be mapped to investigate whether 
it matches the innervation territory of a nervous structure. It should be taken into account 
that extraterritorial spread of pain, a symptom of central sensitisation, can be found fre-
quently.
Negative symptoms are the result of sensory impairment, e.g. in the case of anaesthesia 
dolorosa, a neuropathic pain syndrome characterised by pain in an area which is anaesthetic 
[Merskey and Bogduk, 1994]. Partial nociceptive deafferentation may lead to a state of painful 
hypoalgesia [Baumgärtner et al., 2002].
Most of the positive sensory symptoms (hyperesthesia) will be painful in nature and can 
be subdivided into hyperalgesia, allodynia and hyperpathia (see table 2). These symptoms 
are also called stimulus-evoked pain [Woolf and Mannion, 1999]. Whereas hyperalgesia and 
allodynia are characterised by abnormal sensation following the application of a stimulus, 
hyperpathia entails increasing pain upon repetitive stimulation (temporal summation).

Autonomic signs may be a direct consequence of nerve injury or a (supra-)spinal reflex to 
nociceptive input [Bennett and Ochoa, 1991]. Vasodilatation results from complete neuroto-
my in the early phase due to the loss of vasoconstrictor tone, followed by later vasoconstric-
tion due to denervation hypersensitivity of blood vessels [Hansson, 2002]. Other autonomic 
signs include for example abnormal sweating or trophic changes of the skin [Gilron et al., 
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Table 2. IASP definitions of pain and its concomitant symptoms

Allodynia 
 Pain due to a stimulus which does not normally provoke pain. 
Hyperalgesia 
 An increased response to a stimulus which is normally painful. 
Hyperpathia 
 A painful syndrome characterised by an abnormally painful reaction to a
 stimulus, especially a repetitive stimulus, as well as an increased threshold.
Neuropathic pain 
 Pain initiated or caused by a primary lesion or dysfunction in the nervous system. 
Pain 
 An unpleasant sensory and emotional experience associated with actual 
 or potential tissue damage, or described in terms of such damage.
 
Table 2. IASP definitions of pain and its concomitant symptoms that are relevant for this thesis. For a more extensive 
overview of all recent definitions, we refer to the IASP website; www.iasp-pain.org.
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2006]. Motor dysfunction, such as tremor and weakness, in the absence of damage of the 
motor system is either a somatosensory reflex, protective behaviour, or a psychologically 
conditioned overlay [Hansson, 2002].
Multiple combinations of positive and negative symptoms are possible in neuropathic pain 
syndromes; no common pathological somatosensory pattern has been identified in neuro-
pathic pain states. Data from basic research demonstrate that neuropathic pain may be the 
consequence of various pathophysiological mechanisms. Different mechanisms may coexist 
in a single patient and change over time [Hansson, 2002]. Dissecting these mechanisms is 
probably not possible in clinical practice [Jensen and Baron, 2003].

Upon indication, additional testing with neurophysiological and neuroimaging techniques may 
be performed to confirm or reject tentative diagnoses. When allodynia and/or hyperalgesia 
are present, these phenomena can be quantified by means of psychophysical quantitative 
sensory testing (QST). QST can be employed for further exploration of (subtle) somato-
sensory aberrations and results of QST can be used to evaluate treatment outcome more 
objectively [Edwards et al., 2005; Keizer et al., 2007]. For more details on the basic principles 
of QST, see chapter 3.

1.4.    Conclusions
Chronic neuropathic pain is a disabling disease of the nervous system that affects all aspects 
of a patient’s functioning; physical, emotional and social-contextual. Management of neuropa-
thic pain poses a significant challenge for doctors and researchers, since treatment options 
are frequently insufficient to achieve adequate pain relief. Furthermore, neuropathic pain is a 
demanding burden on healthcare resources and generates considerable disability and related 

Table 3. Characteristics of neuropathic pain

 There is usually no tissue damage that is responsible for the persistence of the 
 pain (except in nociceptive neuropathic pain syndromes, such as compression 
 neuropathies)
 Sensory aberrations co-occur with the pain, i.e. hypoesthesia, allodynia and / or 
 hyperalgesia. There is increased summation upon repetitive stimuli
 The location of the pain is projected and does not match the source of the pain, 
 e.g. neuropathic pain resulting from a herniated lumbar disc is located in the leg 
 rather than the back
 The nature of the pain is frequently strange, e.g. crawling ants, or a red hot poke 
 that is rubbed in the flesh 
 The location of the pain tends to expand over time 
 Response to classic analgesic is often poor
 
Table 3. Characteristics of neuropathic pain. Based on Van Cranenburgh (2002), with permission of Reed Business 
(Elsevier gezondheidszorg).
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costs, which will probably increase even more in the future. Nowadays, prevalence figures of 
neuropathic pain have been estimated to range from 1,5 – to 8% of the population.
Neuropathic pain is characterised by spontaneous pain as well as stimulus-evoked pain. Pain 
following light stimulation of the affected skin (allodynia) is a highly disabling symptom. Since 
allodynia is stimulus-evoked, it will elicit reflex and behavioural responses, compelling the 
patient’s attention constantly.
Although advocated by many researchers working in the field of pain, a mechanism-based 
classification of neuropathic pain is not possible as yet. Multiple pathophysiological mecha-
nisms underlie neuropathic pain; different mechanisms co-exist in a single patient and may 
change over time. Moreover, current diagnostic tools are too crude to dissect pathophysiolo-
gical mechanisms. This attractive mechanism-based approach, however, may yield some clues 
for treatment; e.g. the presence of allodynia suggests central sensitisation, whereas autono-
mous symptoms point to the involvement of the sympathetic nervous system.
The first step towards well-considered therapy is meticulous history taking and compre-
hensive physical and neurological examination. Assessment of the patient with suspected 
neuropathic pain should focus on ruling out treatable conditions (e.g., spinal cord compres-
sion, neoplasm), confirming the diagnosis of neuropathic pain and identifying clinical features 
(e.g., insomnia, autonomic neuropathy) that might help individualise treatment.
Medical history provides insight in the onset, duration, quality, location and efficacy of pre-
vious therapy. Both temporal and spatial aspects of the pain should be explored. Efficacy of 
previously used medication must be considered. Symptoms as insomnia, anorexia, anxiety, 
depression, physical inactivity and a diminished quality of life should be recognised and ad-
dressed accordingly.
Physical and neurological examination should be performed to investigate the presence of 
treatable conditions, and to determine the presence and extent of sensory abnormalities, i.e. 
positive and/or negative symptoms. Careful sensory examination should include the use of 
simple tools as a pin, a (paint) brush, ice, and a cold and warm metal roller. The area in which 
sensory dysfunction is found, should be mapped to investigate whether it matches the inner-
vation territory of a nervous structure. Autonomous signs and motor dysfunction should be 
detected, since these phenomena can be frequently observed in patients with neuropathic 
pain syndromes.
Upon indication, additional testing with neurophysiological and neuroimaging techniques may 
be performed to confirm or reject tentative diagnoses. Quantitative Sensory Testing (QST) 
can be employed for further exploration of (subtle) somatosensory aberrations.
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2.1.    A short history on neuropathic pain
Accounts on pain exist for thousands of years, as do theories on how pain can be explained. 
Since antiquity, many have regarded pain to be a punishment of the Gods, whereas others, 
e.g. Hippocrates (460 – 377 BC), suspected a defective balance between the four humours: 
blood, black bile, yellow bile and phlegm. Although many of the ancient ideas on pain are 
out of date and may even appear ridiculous today, current opinions on the mechanisms and 
treatment of pain are more or less based on these (ancient) theories. And even today, pain 
is one of the most common day to day phenomena and we are still far from fully understan-
ding - let alone being able to treat - all pain.
Below, we provide a short summary of influential pain theories that have been proposed 
throughout the last 150 years. These theories have helped to construct the current visions 
on pain and its associated symptoms. As mentioned earlier, these current ideas on how pain 
works are still far from complete.

In the nineteenth century, the practice of medicine became empirical. In the 1880s and 
1890s, Maximilian Von Frey investigated sensibility in the human skin and was able to map 
out touch and pain spots. These observations, together with his findings from histologic exa-
mination of the skin and earlier findings of Johannes Müller in 1826, led to several publicati-
ons from his hand. He concluded that touch and pain were transmitted to the brain through 
specific nerves. This theory of specificity implies particular nerves to subserve special functi-
ons, i.e. touch, pain, temperature, etc. However, certain painful phenomena, such as phantom 
limb pain or chronic pain after tissue healing could not be explained by this theory [Von Frey, 
1897].
In contrast to Von Frey, Goldscheider (1894) posed the theory of “intensity” or “summation”, 
in which pain was thought to be the consequence of significant stimulation of non-specific 
sensory receptors. Goldscheider believed that touch was indeed transmitted by large fibres, 
but pain was the consequence of excessive stimulation of non-specific fibres. In this respect, 
light stimulation of these receptors would not be painful, whereas stronger stimulation of the 
receptors would, via central summation result in pain [Goldscheider, 1894]. The discovery of 
specific pain-receptors resulted in the rejection of this theory.
In his book “Pain Mechanisms” (1943), W.K. Livingston describes the “internuncial pool”; a 
complex of inter-neurons within the spinal cord, that may be responsible for facilitation of af-
ferent stimuli, through sensitisation of the internuncial pool. Reverberatory activity within the 
internuncial pool explains the presence of pain without necessitating persistent nociception. 
The pain mechanisms postulated by Livingston still stand today [Livingston, 1943].
The Dutch neurosurgeon Noordenbos postulated the “sensory-interaction”- theory in his 
thesis in 1959. This theory provided the basis for the gate-control theory as it would be 
published six years later. Noordenbos provided a model in which excitation of myelinated 
fibres causes inhibition of nociceptive stimuli subserved by unmyelinated afferents. This model 
explains the presence of pain in conditions such as postherpetic neuralgia, in which the func-
tion of myelinated afferents is impaired [Noordenbos, 1959].
The gate-control theory was published in 1965 by Melzack and Wall. In essence, this 
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theory did not differ from Noordenbos’ “sensory-interaction”-theory, but an important new 
aspect was added; the influence of the brain on the state of spinal excitation via descending 
pathways. This theory integrates peripheral input, spinal sensitisation and cognitive/emotional 
factors in the experience of pain.
Although minor adaptations have been made, the gate-control theory is still valid today and 
forms a workable model for scientific and clinical practice [Melzack and Wall, 1965].

In patients with neuropathic pain, spontaneous pain frequently co-exists with stimulus-evoked 
pain. Stimulus-evoked pain has two main features; hyperalgesia and allodynia. Hyperalgesia 
is a concept that has been long recognized and was usually regarded as an alteration of 
sensibility that results in an intensification of pain sensitivity [Livingston, 1943]. The concept 
allodynia was conceived much later in the 1980s, based on findings in 11 chronic neural-
gia patients described by Lindblom and Verillo (1979). The term was used to specify pain 
induced by stimuli that do not normally elicit pain, in contra-distinction to exaggerated pain 
elicited by stimuli that are normally painful (hyperalgesia). The concept allodynia was thus 
coupled to the presumed underlying pathophysiological mechanism: i.e., gentle touch sti-
mulates large myelinated afferents that synapse onto hyperexcitable central neurons. In this 
respect; hyperalgesia has been frequently reserved for ‘nociceptor-mediated’ stimulus-evoked 
pain, whereas allodynia was regarded to be stimulus-evoked pain, mediated by receptors 
other than nociceptors. The usefulness of the concept allodynia in contrast to hyperalgesia 
has been debated since its existence [Ochoa, 2003; Treede et al., 2004].

2.2.    Pathophysiological mechanisms of spontaneous, neuropathic pain
Normal sensory function is the product of a subtle equilibrium between neurons and their 
environment [Woolf and Mannion, 1999]. A disruption of this equilibrium can easily lead to 

Table 1. Theories on the mechanisms behind (neuropathic) 
               pain throughout the ages

Hippocrates (460 – 377 BC): a defective balance between the four humours: 
                  blood, black bile, yellow bile and phlegm 
Maximillian von Frey (1897): specific nerves transmit different sensory 
                  modalities to the brain 
W.K. Livingston (1943): spinal facilitation by interneurones enhance the perception 
                  of pain and are capable of constantly generating pain signals
Noordenbos (1959): alteration of the balance between the input from myelinated 
                  and unmyelinated sensory fibres influences pain
Melzack and Wall (1965): gate control theory integrates the influence of the brain 
                  on Noordenbos’ sensory-interaction theory or potential tissue 
                  damage, or described in terms of such damage.
Table 1. Several important theories have evolved, mainly throughout the last century.
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profound changes in sensory function and thus lead to pain. Damage to nerves or nervous 
tissues will induce structural and functional alterations of both central and peripheral ner-
vous system, which may cause and maintain neuropathic pain. However, a particular condi-
tion may cause numerous changes within the nervous system that occur in unpredictable 
degrees and strongly differ interindividually. Furthermore, specific symptoms, such as allodynia 
or hyperesthesia, may be the consequence of various underlying pathophysiologic mecha-
nisms [Woolf and Mannion, 1999; Hansson, 2002; Jensen and Baron, 2003; Finnerup and Jensen, 
2006]. Translating symptoms and signs into mechanisms is therefore practically impossible.
The pathophysiological mechanisms of neuropathic pain will be described below.

2.2.1.        Peripheral mechanisms of neuropathic pain 
Under normal circumstances, pain sensations are elicited by small unmyelinated C-fibres and 
thinly myelinated Aδ-fibres of primary afferent neurons. In the absence of adequate stimula-
tion, these nociceptors are generally silent. Nociceptors respond to noxious, high threshold 
stimuli. On the other hand, thick myelinated Aβ-fibres conduct low threshold input, such as 
light stroking of the skin or vibratory stimulation. Following peripheral nerve injury, multiple 
structural and functional alterations occur within the primary afferent nerve. Small unmyeli-
nated neurons and myelinated neurons, both injured and uninjured, may become hyperexci-
table due to many possible pathophysiological mechanisms [Woolf and Mannion, 1999; Baron, 
2006].
After lesion of a peripheral nerve, several chemical substances are released, including brady-
kinin, prostaglandins, serotonin, epinephrine, tumour necrosis factor (TNF-α), nerve growth 
factor (NGF) and cytokines. These substances cause an upregulation and structural changes 
of voltage-gated sodium and calcium channels in the affected and non-affected neurons, 
which results in spontaneous, ectopic activity of the neuron, decreased thresholds and an 
increased response to stimulation [Woolf and Salter, 2000; Baron, 2006; Finnerup et al., 2007]. 
These altered channels act as ectopic pacemakers, which may be localised anywhere in the 
neuron; in the cell bodies of the dorsal root ganglion, in focal – sometimes demyelinated 
– areas of the axon, but mostly in the stump, i.e. the terminal neuroma. The mechanisms that 
underlie the alterations of Na+ and Ca2+-channels are largely unclear, although the release of 
neurotrophins is thought to play a crucial role [Bridges, 2001].
The development of ectopic activity in uninjured neighbouring neurons is also thought to 
be the consequence of chemically mediated cross-excitation within the dorsal root ganglion 
(DRG), e.g. due to the increased expression of α-adrenoreceptors. The membrane potential 
of many DRG neurons is altered following peripheral nerve damage, which brings them clo-
ser to the firing threshold. Cross-excitation may also occur between nociceptive fibres and 
non-nociceptive afferent fibres. The development of ectopic activity and cross-excitation con-
tributes to the expansion of receptive fields [Woolf and Mannion, 1999; Bridges et al., 2001].
Excitatory neurotransmitters, such as substance P and calcitonin-gene-related peptide 
(CGRP), may be released from the peripheral ends of the neuron upon antidromic action 
potentials. These neurotransmitters cause a further reduction in the activation threshold of 
nociceptor peripheral terminals [Woolf and Mannion, 1999].

Chapter 2

Mechanisms and treatment options of neuropathic pain



 ��  

Regeneration of damaged nerves results in collateral sprouting; new nerve projections 
synapse onto uninjured neighbouring neurons. This is probably mediated by the peripheral 
release of nerve growth factor (NGF), e.g. by Schwann and glia cells and cells of the immune 
system [Reynolds and Woolf, 1993; Muller and Stoll, 1998; Watkins et al., 2003]. Receptive fields 
will also expand following collateral sprouting, causing the pain to spread beyond its origi-
nal borders [Bridges, 2001]. Since these sprouts contain many α-adrenoreceptors and are 
subsequently sensitive for noradrenergic stimulation caused by sympathetic activation, such 
as certain emotions and stress.
Damaged nerves may become demyelinated and are susceptible to ectopic firing and ephap-
tic cross-talk between adjacent demyelinated axons. Neuromas are formed at the distal end 
of the damaged axon, in an attempt to regenerate the nerve. Neuromas are composed of 
abnormally sprouting axons and contain many hyperexcitable sodium and calcium channels. 
Lightly tapping a neuroma may induce shooting or lancinating pain (Tinel’s sign) [Macres et al., 
1999; Woolf and Mannion, 1999; Bridges, 2001].

In some patients, the sympathetic nervous system is involved in the maintenance of neuro-
pathic pain [Woolf and Mannion, 1999; Macres, 1999; Gilron et al., 2006]. Multiple plausible 
mechanisms have been proposed to contribute to this sympathetically maintained pain 
(SMP). First, as mentioned earlier, the expression of α-adrenergic receptors on both injured 
and uninjured neurons after peripheral nerve injury is increased, which results in an enhan-
ced sensitivity for circulating noradrenalin and catecholamines [Woolf and Mannion, 1999]. 
Second, direct coupling of peripheral noradrenergic and sensory nerve terminals and – third 
– ephaptic cross talk between sensory and sympathetic nerve fibres may occur [Bridges et al., 
2001]. Finally, nerve injury induces a sprouting of sympathetic axons into the DRG to form 
baskets around the cell bodies of sensory neurons [Woolf and Mannion, 1999].
In the normal, non-injured state, large myelinated (low threshold) Aβ-fibres terminate in 
laminae III and IV of the dorsal horn, whereas small unmyelinated (high threshold) C-fibres 
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Figure 1: Schematic representation of where defects in the primary afferent may occur. 1. Peripheral regenerative 
sprouting. 2.  Ectopic activity in dorsal root ganglion. 3. Demyelinisation and ephaptic cross-talk. 4. Sprouting in the 
dorsal horn. 5. Peripheral collateral sprouting. Reprinted from Van Cranenburgh (2002), with permission of Reed 
Business (Elsevier gezondheidszorg).
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generally terminate in lamina I and II. Peripheral nerve damage induces the sprouting of large 
myelinated fibres into laminae I and II. As a consequence, non-noxious, low threshold stimu-
lation may trigger nociceptive 2nd order neurones in the spinal cord, leading to phenomena 
such as allodynia [Woolf et al., 1992; Macres, 1999; Woolf and Mannion, 1999]. This sprouting 
of large myelinated fibres into laminae I and II is at its highest 2 weeks after the injury and 
may persist long after the nerve has regenerated [Woolf et al., 1995].
A genetic component is also thought to predetermine the extent of pain following apparent-
ly similar lesions in different individuals. Nerve injury leads to various changes in the neurons 
involved, either triggered by the barrage of afferent stimuli or the transport of axoplasma. 
The neuron’s synthesis of substances is altered, the quantity of neurotransmitters changed. 
Immediate Early Genes such as c-fos appear within two weeks following injury to the nerve 
and messenger-RNA that codes for specific neurotransmitters, receptors and ion-channels 
has been found to increase (see below) [Woolf and Mannion, 1999; Macres, 1999; Wang et al., 
2002, Zubieta et al., 2003].
The phenomena described above are all thought to play an important role in ongoing neuro-
pathic pain, as well as in stimulus-evoked pain such as allodynia and hyperalgesia (see below).

 

2.2.2.        Central, spinal mechanisms of neuropathic pain 
Sustained painful stimulation will lead to spinal sensitisation. Normally, this sensitisation sub-
sides as the tissue damage or inflammation heals. However, when nociceptive afferent input 
persists, e.g. in the event of peripheral nerve injury, this sensitisation may become anchored 
within the central nervous system itself. In this respect, the neural network has changed not 
only functionally but also structurally, as though the pain has been memorised, rendering it 
practically intractable. Woolf and Salter (2000) called the functional – reversible – sensitisa-
tion modulation, and structural – irreversible – sensitisation modification.
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Table 2. Peripheral mechanisms of neuropathic pain

 Release of excitatory chemical substances from damaged peripheral nerve endings 
 Upregulation and structural changes of voltage-gated Na+ and Ca2+ channels 
 Formation of neuromas 
 Cross-excitation of uninjured neighbouring nerves 
 Ephaptic cross-talk between demyelinated nerves 
 Collateral sprouting in the dorsal horn 
 Alteration of type and quantity of neurotransmitters from central endings of 
 affected nerve fibres 
 Involvement of the sympathetic nervous system and increased expression of 
 α-adrenergic receptors in the peripheral nerve
Table 2. Peripheral mechanisms of neuropathic pain.
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Modulation 
The first step in the cascade towards central sensitisation is nociceptive input from periphe-
ral afferents that synapse onto 2nd order neurons. These neurons may process and transfer 
information about peripheral stimuli to the brain. This information is not merely passed on to 
the brain, rather it is the resultant of excitatory input from the periphery, input on segmental 
level from inhibitory interneurones and the influence of descending pathways from the brain 
[Woolf and Mannion, 1999].
In response to peripheral nociceptive stimulation, primary nociceptive afferents release the 
excitatory neurotransmitters glutamate (Glu), substance P (SP) and brain-derived neuro-
trophic factor (BDNF) from their proximal ends in the dorsal horn. Glu binds to AMPA and 
NMDA-receptors, SP binds to the neurokinin 1 (NK1) receptor and BDNF binds to the ty-
rosine kinase receptor (tkr). The interaction of the ligand and the receptor triggers a cascade 
of events, including an increase of intracellular Ca2+ and cAMP concentrations, activation of 
protein kinases and the appearance of Immediate Early Genes, e.g. c-fos and c-jun [Truini and 
Gruccu, 2006].
The release of Glu and SP from the central terminal of the primary afferents is facilitated by 
voltage-gated calcium channels located at presynaptic sites near the terminal. These chan-
nels are over-expressed in the event of peripheral nerve damage (see earlier). Furthermore, 
prostaglandins and cytokines are also thought to contribute to the mechanisms that underlie 
central sensitisation [Zimmermann, 2001; Truini and Gruccu, 2006].
Following persistent peripheral nociceptor input, multireceptive spinal cord neurons (wide 
dynamic range or WDR-neurons) will sensitise and become hyperexcitable for stimulation. 
WDR-neurons receive information from both myelinated afferents and peripheral nocicep-
tors; their firing frequency depends on the stimulus intensity. Sensitisation of WDR-neurons 
may occur within tens of seconds upon repetitive volleys from C-fibre nociceptors, called 
wind-up. Wind-up is predominantly mediated by NMDA-receptors and can be blocked by 
NMDA-receptor-antagonists [Price et al., 1994]. Wind-up can be easily demonstrated by 
repeatedly pricking oneself lightly with a sharp pin; the pain will increase within a short time.
Activation of the NMDA-receptor by Glu requires an alteration of the conduction proper-
ties of the receptor. This happens via NK1-receptors that are stimulated by SP: subsequently, 
the intracellular calcium concentration increases, leading to activation of protein kinase C, 
phosphorylation of the NMDA-receptor and the removal of a Mg+-ion from the receptor’s 
pore. When the NMDA-receptor is stimulated by Glu, it will allow a further influx of Ca2+ 
into the cell, hereby improving conditions for depolarisation. Initial NMDA-receptor activa-
tion leads to increased levels of Glu. Since Glu activates NMDA-receptors a positive feed-
back loop is thus created [Macres, 1999; Woolf and Mannion, 1999; Bridges et al., 2001]. This 
process may underlie or precipitate long term potentiation (LTP). LTP entails a long-lasting 
sensitisation that may last up to months.
Central sensitisation is characterised by an augmented neuronal activity in response to noxi-
ous stimuli (hyperalgesia). Furthermore, low-threshold afferent input may be exaggerated to 
become nociceptive, since the excitation threshold for WDR-neurons is decreased (allodynia).
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The sensitisation may also spread to other segments of the spinal cord whilst neuronal 
receptive fields will expand, both of which leads to spreading of the pain. This state of spinal 
sensitisation is maintained by ongoing activity in pathologically sensitised nociceptors [Baron, 
2006].

Modification 
Persistent nociceptive input from the periphery reduces the amount of inhibitory control in 
the spinal cord. This disinhibition is possibly the consequence of a decreased input from low 
threshold Aβ-fibres. Other explanations for disinhibition are a diminished release of the inhi-
bitory neurotransmitter γ-aminobutyric acid (GABA), down regulation of GABA and opioid 
receptors and death of inhibitory interneurones in lamina II due to exitotoxic mechanisms 
[Woolf and Mannion, 1999].
GABA-receptor levels decrease, possibly due to degeneration of the primary afferent on 
which the receptor is localised [Bridges et al., 2001]. The apoptosis of inhibitory interneuro-
nes that predominantly release GABA results in further disinhibition. Apoptosis of a neuron 
is mediated by the overactivation of NMDA-receptors following persistent stimulation of the 
neuron. Overactivation results in excessive amounts of intracellular Ca2+ via influx through 
the NMDA-receptor, which subsequently leads to free radical formation and cell death 
[Lipton, 2007].
Other signs of modification can be found on a genetic level. Both the retrograde transport 
of growth factors to the cell body and electric overstimulation of the neuron lead to the 
overexpression of certain genes, such as genes that encode for the production of substance 
P and BDNF. Furthermore, novel genes may be induced; thick myelinated Aβ-fibre neurons 
begin to express SP and BDNF. As a consequence, tactile stimuli may be able to evoke a 
sensation of pain [Woolf and Salter, 2000].
In the paragraph on peripheral mechanisms of neuropathic pain, we described the sprouting 
of primary afferents within the dorsal horn of the spinal cord. Thick myelinated Aβ-fibres 
sprout from deep lamina of the dorsal horn into the more superficial laminae, where nor-
mally only C-fibre nociceptors terminate.
The sprouting of primary afferents, phenotype shift – leading to an alteration of the type 
of neurotransmitter produced in the central terminal of primary afferents, and apoptosis of 
inhibitory interneurones represent a structural re-organisation of the neural network within 
the dorsal horn. This modification of connectivity may be an important explanation for the 
intractable nature of chronic neuropathic pain [Woolf and Salter, 2000], see figure 2.
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Figure 2a, b and c. Illustration of the concept ‘modulation’ and ‘modification’

2.3.    Pathophysiological mechanisms of stimulus-evoked pain
Stimulus-evoked pain is a common feature in neuropathic pain syndromes. The two main 
symptoms of stimulus-evoked pain are allodynia and hyperalgesia. Allodynia is defined by the 
International Association for the Study of Pain (IASP) as pain due to a stimulus that is not 
normally painful. Hyperalgesia is defined by the IASP as increased pain due to a stimulus that 
is normally painful. A third – less frequently used – symptom is hyperpathia: a painful syn-
drome characterised by an abnormally painful reaction to a stimulus, especially a repetitive 
stimulus, as well as an increased threshold [Merskey and Bogduk, 1994].
Allodynia is a clinical diagnosis that can be extremely unpleasant for the patient. Stimuli that 
are not normally painful include the light rubbing over the skin, or heat stimuli beneath the 
normal pain threshold. Allodynia is a non-specific symptom that may occur in other condi-
tions than neuropathic pain, e.g. the hypersensitive sunburnt skin. Many pathophysiological 
mechanisms may underlie allodynia (see below).
Hyperalgesia is a clinical symptom that implies an exaggerated pain response following 
painful stimulation, e.g. heat stimulation that is normally painful. Hyperalgesia may also occur 

Figure 2. Illustrates of the phenomena ‘modulation’ and ‘modification’. In figure 2a, an S-shaped pavement is drawn in a 
field of grass. When many people use this pavement to move from A to B, somebody may decide to take a short-cut 
through the grass (modulation; see figure 2b). When more and more people discover the advantage of the short-cut, 
a new path is formed (figure 2c). When established, this new path will probably carry more people than the pavement 
(modification).

A

B

C
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in conditions other than neuropathic pain; hyperalgesia surrounding a wound can be demon-
strated after surgery.
Hyperpathia typically involves a faulty temporal and spatial identification of the stimulus, e.g. 
radiating pain or aftersensations [PNA, 1993; Baumgärtner et al., 2002]. The exaggerated res-
ponse following the stimulus – sometimes described as hysterical [Craig, 2003] – is frequently 
described to be characteristic of hyperpathia [Verdugo and Ochoa, 1992; PNA, 1993; Merskey 
and Bogduk, 1994]. Since hyperpathia is a syndrome rather than a symptom [Merskey and 
Bogduk, 1994], QST of hyperpathia requires a strict specification of which aspect of hyperpa-
thia is quantified.
In patients with neuropathic pain, the presence of stimulus-evoked pain, such as allodynia, can 
be used to evaluate the sensory-discriminative aspects of pain more specifically with quan-
titative sensory testing (QST). QST can thus be used to evaluate treatment outcome more 
objectively, than when pain is measured with a pain scale such as the Visual Analogue Scale 
(VAS) [Edwards et al., 2005].
Mechanical allodynia and hyperalgesia are among the most common clinical phenomena in 
neuropathic pain syndromes. Stimuli that can be administered to test for the presence of 
mechanical allodynia and hyperalgesia include (1) normally non-painful light-pressure moving 
stimuli on the skin to test for the presence of mechanical dynamic allodynia, (2) normally 
non-painful gentle static pressure stimuli on the skin to test for mechanical static allodynia 
and (3) normally stinging-but-not-painful stimuli to test for punctuate – or pinprick – allody-
nia (sometimes also referred to as hyperalgesia, see chapter 8).
As we described earlier, peripheral nerve damage may trigger a cascade of events, including 
alteration of conduction properties of the affected peripheral nerve, the manifestation of 
ectopic pacemakers and central sensitisation. Apart from ongoing, spontaneous neuropathic 
pain, phenomena such as allodynia and hyperalgesia may appear.
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Figure 3: Herpes Zoster ; a condition that is characterised by a painful skin rash with blisters in a skin area corresponding 
to one nerve or dermatome. HZ may lead to postherpetic neuralgia, a neuropathic pain syndrome that is frequently 
affected with the presence of stimulus-evoked pain such as allodynia.
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2.3.1.        Peripheral mechanisms of stimulus-evoked pain
When a peripheral nerve is (partially) lesioned, several chemical substances are released 
from the peripheral terminals of nociceptors by antidromic action potentials that travel 
distally from the lesion site. These substances include bradykinin, prostaglandins, serotonin, 
epinephrine, tumour necrosis factor (TNF-α), nerve growth factor (NGF) and cytokines, and 
cause sensitisation of injured and uninjured, adjacent peripheral nociceptors. This sensitisation 
results in decreased thresholds and an increased response to stimulation [Woolf and Salter, 
2000; Baron, 2006; Finnerup et al., 2007]. A more detailed description of this sensitisation of 
peripheral neurons is provided in paragraph 2.2.1.
An abnormal hyperexcitability of Aδ- and C-fibre nociceptors may provide an explanation 
for the phenomena allodynia and hyperalgesia. Whereas high-threshold stimuli are exclusively 
capable of depolarisation of nociceptors in the normal situation, in the event of peripheral 
sensitisation, low-threshold stimulation may also trigger these nociceptors to fire [LaMotte 
et al., 1991; Ochoa, 2003; Ochoa et al., 2005]. In this respect, allodynia is due to an abnormal 
reduction of firing threshold in peripheral nociceptors. Light touch or non-noxious heat or 
cold stimuli may thus lead to nociceptor activation and pain. High threshold stimuli may even 
generate an exaggerated response, causing hyperalgesia [Woolf and Mannion, 1999; Bridges et 
al., 2001].
Cross-excitation between Aβ- and C-fibres may occur in the dorsal root ganglion following 
peripheral nerve injury [Amir et al., 1996; Amir et al., 2000; Bridges et al., 2001]. Furthermore, 
a phenotypic shift of the neurotransmitter production of low-threshold afferents has been 
observed. After peripheral nerve injury, Aβ-fibre terminals begin to express substance P and 
calcitonin-gene-related peptide, neuropeptides that are normally involved in the sensory 
transmissions between nociceptors [Miki et al., 1998]. Consequently, low-threshold Aβ-fibres 
may cause pain through proximal stimulation of 2nd order nociceptive neurons.
In some forms of neuropathic pain, the expression of α-adrenergic receptors on both injured 
and uninjured neurons after peripheral nerve injury is increased, and coupling between the 
sensory and sympathetic nervous systems occurs, thus further increasing the excitability of 
primary sensory afferents [Woolf and Mannion, 1999; Baron, 2000; Bridges et al., 2001].

2.3.2.        Central mechanisms of stimulus-evoked pain
WDR-neurons sensitise as a result of persistent peripheral nociceptive stimulation. 
Low-threshold input from Aβ-fibres may activate sensitised WDR-neurons - that would 
normally remain silent upon low-threshold stimulation - and cause allodynia. This central 
hyperexcitability is also referred to as secondary hyperalgesia and is further characterised by 
augmented neuronal activity in response to noxious stimuli and an expansion of neuronal 
receptive fields. This state of spinal sensitisation is maintained by ongoing activity in pathologi-
cally sensitised nociceptors [Koltzenburg et al., 1994; Baron, 2006].
Peripheral nerve damage induces the sprouting of Aβ-fibres into the superficial laminae in 
the dorsal column of the spinal cord. Since nociceptors usually terminate in these areas, input 
from low threshold Aβ-fibre may stimulate nociceptive 2nd order neurons in the spinal cord, 
leading to allodynia [Woolf et al., 1992; Macres, 1999; Woolf and Mannion, 1999]. As stated 
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earlier, inhibitory interneurones die, resulting in further disinhibition of sensitised central 
neurons.
Most authors currently believe that allodynia is principally caused by central sensitisation 
[Koltzenburg, 1992; Jensen and Baron, 2003; Treede et al., 2004]. Microneurographic studies 
have further strengthened this belief; selective Aβ-fibre blockade resulted in an abolishment 
of allodynia in patients with chronic neuropathic pain, while Aδ- and C-fibre mediated 
modalities remained intact [Baron and Saguer, 1993; Torebjörk, 1993; Truini and Gruccu, 2006].

2.4.    The role of the brain and descending pathways in neuropathic pain
With the use of modern non-invasive brain imaging techniques, the processing of pain in the 
brain can be visualised. Most studies use positron emission tomography (PET) or functional 
magnetic resonance imaging (fMRI) since the early 1990s to measure brain activation pat-
terns in response to experimental stimulation paradigms that induce pain. [Hsieh et al., 1995; 
Peyron et al., 2000; Moisset and Bouhassira, 2007].
A network of brain areas has since been found to be involved in the processing of expe-
rimental pain; which is referred to as the ‘pain matrix’ [Moisset and Bouhassira, 2007]. Brain 
areas that are consistently activated in response to pain are: the primary and secondary 
somatosensory cortices (S1 and S2), the insular cortex (IC), the anterior cingulated cortex 
(ACC), the thalamus and the prefrontal cortex (PFC) [Treede et al., 1999; Peyron et al., 2000; 
Tracey, 2005; Moisset and Bouhassira, 2007].
Activation of the so-called lateral nociceptive system, which includes the lateral thalamus, S1, 
S2 and probably the posterior insular cortex, is thought to be associated with the sensory-
discriminative aspect of pain. In patients with lesions in (one of) these areas, spatial and 
temporal discrimination of painful stimuli may be impaired, while – on the other hand – the 
hedonic component of pain is unaffected [Ploner et al., 1999; Casey, 2000].
In contrast, the medial nociceptive system – including the ACC and the anterior insula; both 
components of the limbic system – is probably involved in the affective-emotional dimensi-
ons of pain. Patients with a lesion within the medial nociceptive system may have a condition 
called ‘pain asymbolia’: the spatial, qualitative and temporal aspects of pain are recognised, but 
the hedonic, suffering components are not. Emotional responses to (potentially) threatening 
nociceptive stimuli are attenuated in these patients [Berthier et al., 1988; Casey, 2000].
The PFC seems to play a role in the cognitive-evaluative and memory aspects of pain [Ku-
rata, 2002; Apkarian et al., 2005; Moisset and Bouhassira, 2007].
Although the pain matrix is consistently involved in the processing of experimental pain, 
knowledge of the extent of the pain matrix that is also involved in chronic neuropathic pain 
syndromes is limited. In brain imaging studies, activation patterns are revealed using sub-
traction analysis, i.e., brain activity when a stimulus is administered (‘on’), is subtracted from 
resting brain activity (‘off ’) in order to elucidate the brain areas that are involved in the pro-
cessing of the painful stimulus. The imaging of chronic pain is complicated, since an ‘on’ and 
‘off ’ situation – in contrast to experimental pain – is difficult to create. Brain imaging studies 
are complicated further, as patients with chronic neuropathic pain constitute a highly hetero-
geneous group, with many possible underlying pathophysiological mechanisms [Kupers et al., 
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2006]. However, some differences in brain areas that are involved in acute, experimental pain 
and chronic pain have been discovered.
Activation of the contralateral thalamus tends to decrease in patients with chronic pain 
syndromes. The brain area that is most frequently observed to show increased activity in 
chronic pain is the PFC, followed by the ACC. As a plausible explanation, authors have sugge-
sted that the processing of nociceptive stimuli may shift from ‘normal’ pathways to pathways 
that activate the PFC when pain becomes chronic [Hsieh et al., 1995; Iadarola et al., 1995; 
Peyron et al., 2000; Hunt and Mantyh, 2001; Apkarian et al., 2005]. These changes of activation 
in the PFC may reflect the findings of psychological studies in which cognitive factors, such 
as catastrophising, and emotional factors have been demonstrated to aggravate chronic pain 
(see below). The prefrontal cortex is also involved in the modulation of pain signals through 
its direct influence on midbrain and brainstem structures, which may represent (one of the) 
pathways of placebo-mediated antinociception [Wager et al., 2004]. Others have demonstra-
ted that activation of the rostral ACC is also associated with placebo analgesia [Petrovic et 
al., 2002]. Altogether, cognitive-emotional dimensions are capable of modulating pain signals 
– and subsequently pain intensity – in both positive and negative ways.

In patients with allodynia, activation patterns following brush and cold stimulation have been 
found in all structures of the pain matrix. Most consistently, activation of S1 (contralateral and 
bilateral), S2 (mainly bilateral), thalamus (mainly contralateral), IC (mainly ipsilateral and bila-
teral) and the PFC. Activation within the ACC was surprisingly often absent. Since allodynia 
has a strong aversive character, this lack of activation of ACC is unexpected. Some hypothe-
sise that strong activation of the ACC during the ‘off ’ period in scanning paradigms obscures 
this activity following subtraction analysis [Moisset and Bouhassira, 2007].
Dorsal horn neurons receive both inhibitory and facilitatory input from brainstem centres 

Figure 4. Brain activation patterns when a painful stimulus is administered to the thumb. The cross indicates 
activation of the anterior cingulated cortex (ACC). Thalamic and insular activation patterns can also be seen in the 
sagittal and coronal sections respectively. Adapted from own experimental data.
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such as the rostral ventromedial medulla (RVM) and the periaqueductal gray (PAG). In turn, 
these brain stem structures receive input from the PFC, the ACC and possible other parts of 
the limbic system [Petrovic et al., 2002; Baron, 2006]. All these structures – cortical and sub-
cortical – are rich in opioid receptors and represent a mechanism for opioid analgesia. Petro-
vic et al. (2002) demonstrated that placebo-analgesia shared the same neural mechanism.
Descending modulating control from the brainstem downwards onto dorsal horn neu-
rons may be affected in chronic neuropathic pain. A loss of descending inhibitory pathways 
contributes to central sensitisation and the chronification of pain. These inhibitory pathways 
depend mainly on serotonin and noradrenalin, which explains the efficacy of antidepressants 
that block the reuptake of these substances. Spinal cord stimulation may activate descending 
inhibition, which will reduce spinal sensitisation. In addition to inhibitory pathways, facilitatory 
descending pathways have been identified, which possibly play a role in allodynia in humans 
[Millan, 2002; Meyerson, 2006].
The influence of descending control on spinal transmission of pain signals is dramatic. Pain 
signals can temporarily be blocked completely, e.g., when somebody gets injured while his 
life is still in danger (soldiers in combat). In contrast, pain signals can be augmented when a 
person is anxious or when the attention is focussed on the pain.

2.5.    Psychological aspects of chronic (neuropathic) pain
Pain is an unpleasant sensory and emotional experience associated with actual or potential 
tissue damage, or described in terms of such damage (IASP). This broad definition of pain 
implies that both sensory (biomedical) and cognitive-emotional (psychosocial) dimensions 
are involved in the experience of pain. Pain results from both transmission and modulation 
of sensory information within the nervous system, a process that may be augmented or atte-
nuated through individual genetic composition, past experiences, current psychological status 
and sociocultural influences. It has been recognised that a biopsychosocial approach – in 
contra-distinction to the classic biomedical approach – towards a patient with chronic pain 
yields a more comprehensive view on the dynamic interaction among physical, psychological 
and social factors [Gatchel et al., 2007].
Cognitions, emotional distress and chronic pain co-occur almost inevitably and interact in 
multiple ways. Emotional distress may predispose people to experience pain, it may amplify 
– or inhibit – the severity of pain, or act as a perpetuating factor in the persistence of pain. 
On the other hand, chronic pain frequently causes emotional distress. Cognitive appraisals 
will be attributed to the pain, e.g. whether it is harmful or dangerous [Gatchel et al., 2007].
The intensity of the pain or the absence of a satisfactory explanation for the pain may incite 
emotions of fear and anxiety. Will the pain imply serious tissue damage and should I avoid 
activities that aggravate my pain? Will the pain increase even more in the future? Fears like 
these may result in avoidance behaviour, which is reinforced in the short term by the reduc-
tion of pain associated with activity that aggravates pain [McCracken et al., 1993]. In the long 
term, such pain-related fear and harm-avoidance will exacerbate symptoms [Vlaeyen et al., 
1995].
About 40 – 50% of the patients with chronic pain suffer from a depressive disorder [Banks 
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and Kerns, 1996]. Prospective studies have demonstrated that pain may incite a depression, 
but it may also be the consequence of a depression [Atkinson et al., 1991; Magni et al., 1994; 
Gatchel et al., 2007]. The prevalence of anger may be even higher. The persistence of pain, 
the absence of a satisfactory explanation, repeated failures of treatment and diminishing sup-
port from others may all rouse feelings of anger or frustration [Corbishly et al., 1990; Okifuji et 
al., 1999; Van Wilgen and Keizer, 2004]. Anger will further exacerbate pain, possible by increa-
sing physical arousal – and thus stimulating the sympathetic nervous system.
Pain appraisal refers to the meaning that is ascribed to pain. In western countries, the app-
raisal that pain is a signal of damage is widespread. If a pain signal is considered harmful or 
dangerous, it may subsequently be experienced as more intense and more unpleasant. An 
exaggerated negative orientation toward actual or anticipated pain experience is called pain 
catastrophising and is associated with increased pain, increased illness behaviour, and physi-
cal and psychological dysfunction. Catastrophic interpretation of pain triggers physiological 
(arousal), behavioural (avoidance), and cognitive fear responses. The perception of danger 
and pain is enhanced by a cognitive shift that occurs during fear, which further feeds the cata-
strophic appraisal of pain [Sharp, 2001; Balderson et al., 2004; Asmundson et al., 2004; Gatchel 
et al., 2007].
A large number of studies have investigated the psychological aspects of chronic pain in 
general. Although limited, there is evidence that indicates that chronic neuropathic pain also 
reduces quality of life, including mood, physical and social functioning. Depression, catastro-
phising and social support predict pain severity in patients with neuropathic pain [Haythorn-
thwaite and Benrud-Larsen, 2000].
Sensory input, emotional disorders, maladaptive cognitions and physical deconditioning are 
phenomena that co-occur in chronic pain. All these variables interact and affect the per-
ceived intensity and unpleasantness of the pain, and vice versa. Ideally, with a biopsychosocial 
approach, all biomedical and psychosocial aspects that contribute to a person’s pain should 
be diagnosed and addressed accordingly. With cognitive behavioural therapy (CBT), maladap-
tive cognitions and behaviours are replaced by more adaptive ones [Gatchel et al., 2007].

2.6.    Current treatment options for neuropathic pain
Treatment of patients with neuropathic pain includes both pharmacologic and non-phar-
macologic options. The mainstay of pharmacologic treatment is based on co-analgesic drugs 
such as tricyclic antidepressants and anticonvulsants, and – less frequently – opioid agonists, 
topical agents and α2-receptor agonists. The evidence for non-pharmacologic interventions, 
such as trans- or percutaneous electrical nerve stimulation, exercise or cognitive behavioural 
therapy is less clear-cut; the discussion of these interventions is left outside the scope of this 
chapter.
The number of patients with neuropathic pain needed to treat (NNT) before one patient ex-
periences a 50% improvement is estimated somewhere between 2,5 and 4. This means that 
(with monotherapy) the chance of adequate pain relief for patients with neuropathic pain is 
only one in three [McQuay and Moore 1998; Irving, 2005]. There is limited evidence that some 
combinations of anti-neuropathic drugs are superior to monotherapy [Gilron et al., 2006].
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The mainstay of alleviating nociceptive or inflammatory pain entails the use of therapeutic 
interventions that attenuate the peripheral consequences of tissue damage, such as para-
cetamol or non-steroidal anti-inflammatory drugs (NSAIDs). Since the pathophysiology of 
nociceptive pain or pain due to inflammation strongly differs from neuropathic pain, the use 
of NSAIDs in patients with chronic neuropathic pain should be avoided.
The treatment efficacy in neuropathic pain research is mostly performed by calculating the 
Number Needed to Treat (NNT) using randomised clinical trials (RCTs), in which respect 
a successful analgesia is usually considered a pain relief of at least 50%. Most trials, howe-
ver, only include specific neuropathic pain syndromes, such as diabetic polyneuropathy or 
postherpetic neuralgia; these results do not necessarily apply to all forms of neuropathic pain 
[McQuay and Moore, 1994; Gilron et al., 2006]. Below, the actions, efficacy and side-effects of 
the most important anti-neuropathic drugs are discussed.

2.6.1.        Antidepressants
The usefulness of tricyclic antidepressants (TCAs) in the alleviation of neuropathic pain has 
been demonstrated repeatedly. Usually, a tricyclic antidepressant will be the first drug to be 
administered to a patient with neuropathic pain, unless contraindications prevent its use. 
TCAs include amitriptyline, imipramine, clomipramine and nortriptyline, of which amitripty-
line is used most frequently.
The analgesic actions of TCAs involve the re-uptake blockade of noradrenalin and serotonin, 
NMDA-receptor antagonism and Na-channel blockade in the spinal cord [Stahl, 1998]. 
The degree of re-uptake inhibition of neurotransmitters differs among the different TCAs; 
whereas amitriptyline is a balanced noradrenalin and serotonin re-uptake inhibitor, nortrip-
tyline predominantly inhibits the uptake of noradrenalin. Although in most clinical trials the 
efficacy of amitriptyline has been investigated, nortriptyline has found to provide equal pain 
relief in patients with postherpetic neuralgia [Watson et al., 1998]. The overall NNT of TCAs 
across the various neuropathic conditions is estimated to range from 2 to 3 [McQuay and 
Moore, 1998; Finnerup et al., 2005; Gilron et al., 2006].
The major disadvantage of tricyclic antidepressants is their adverse effects profile. The use 
of TCAs is contra-indicated or should at least be used cautiously when there is a history of 
a (recent) myocardial infarction, glaucoma or urinary retention. Adverse effects are com-
mon and include sedation, dry mouth, postural hypotension, constipation and weight gain. 
The sedative side-effect may be beneficial in the case of sleeping disturbances. There is some 
evidence available suggesting that nortriptyline has fewer side effects in comparison with 
amitriptyline [Dworkin et al., 2003].
Patients have to be informed on the analgesic properties of the TCAs that are independent 
of their antidepressant effect. Usually, pain relief may occur from several days up to 2 weeks 
after starting the medication. To decrease the possibility of adverse effects, starting dosage 
should be low; 10 to 25 mg at bedtime. The dose is subsequently titrated in small steps by 
another 10 to 25 mg to a maximum dose of 150 mg, until adequate analgesia is achieved or 
(intolerable) adverse effects occur.
Selective serotonin reuptake inhibitors (SSRIs) are not as effective as TCAs, with an NNT 
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that has been calculated to be 6,7 [Sindrup and Jensen, 1999]. Among the different SSRIs, the 
efficacy of paroxetine has been found to be superior to other SSRIs. Serotonin-noradrenalin 
reuptake inhibitors (SNRIs) such as venlafaxine and duloxetine have an NNT of approxima-
tely 5, provided that the dosage is adequate; 150 – 225 mg/day and 60 mg/day, respectively. 
Both SSRIs and SNRIs are better tolerated than TCAs, with fewer side effects [Attal et al., 
2006].
All in all, SSRIs (especially paroxetine) and SNRIs can be considered when TCAs are not 
tolerated and when therapy should ideally include the use of an antidepressant agent.

2.6.2.        Anticonvulsants
As with antidepressants, not all anticonvulsant drugs provide analgesia in neuropathic pain 
patients. Anticonvulsant drugs that have repeatedly been demonstrated successful in the 
treatment of chronic neuropathic pain are gabapentin and pregabalin, with NNTs of 3,8 
and 4,2 respectively [Gilron et al., 2006]. The efficacy of other anticonvulsant drugs such as 
lamotrigine, valproate, topiramate and oxcarbazepine is still equivocal.
The main mechanism of anticonvulsants lies in their ability to stabilise membrane function, 
thus inhibiting hyperexcitability within neuronal networks. Gabapentin is an α-2-delta subunit 
voltage-gated calcium channel antagonist that blocks the influx of calcium into the cell, re-
sulting in a decreased release of glutamate, noradrenalin and substance P in the dorsal horn. 
Pregabalin works analogous to gabapentin [Fink et al, 2002; Attal et al., 2006].
Gabapentin should be the anticonvulsant of first choice when TCAs are contraindicated 
or have appeared not to be tolerated. Gabapentin is at least as effective as pregabalin, it is 
usually tolerated by patients and it is much cheaper than pregabalin. The use of gabapentin 
for neuropathic pain, however, is still off label, whereas pregabalin is registered for its anti-
neuropathic properties.
The initial dose of gabapentin is 300 mg per day at bedtime and is then titrated upward with 
steps of 1 – 7 days by another 100 to 300 mg until 600 mg 3 times daily or until intolera-
ble side effects occur. The maximum dose of gabapentin is 3600 mg per day. The effective 
starting dose of pregabalin is 75 mg 2 times daily, with a maximum dose of 600 mg. Adverse 
effects for both gabapentin and pregabalin are more frequent with high doses, and include 
dizziness, somnolence, peripheral oedema, gastrointestinal symptoms and dry mouth [Dwor-
kin et al., 2003; Attal et al., 2006].
The efficacy of carbamazepine is well established for trigeminal neuralgia, with an impressive 
NNT of 1,7 for this specific neuropathic pain syndrome [Dworkin et al., 2003; Finnerup et al., 
2005; Gilron et al., 2006]. There is also evidence suggesting a beneficial effect of carbama-
zepine and phenytoin for other neuropathic pain syndromes, although adverse effects and 
the risk for hepatitis-anaplastic effects and hyponatraemia limit the use of these drugs. Liver 
enzymes, blood cells, platelet count and sodium levels should be monitored closely.

2.6.3.        Opioids
The role of opioids in the treatment regimes for neuropathic pain is controversial. Although 
a beneficial effect of opioids such as morphine and oxycodone has repeatedly been demon-
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strated in patients with neuropathic pain. For morphine and oxycodone, the NNT is 2,5. 
Tolerance and addiction will probably be low, but these phenomena still need further eluci-
dation for longer term use. Long term use of opioids is further associated with a paradoxical 
increase of hyperalgesia [Irving, 2005]. Ideally, opioid analgesics should be considered when 
other reasonable therapies fail [Dworkin et al., 2003; Kalso et al., 2003; Attal et al., 2006].
High concentrations of opioid receptors are found in the spinal cord, mainly at the central 
terminals of peripheral (nociceptive) afferent nerves, but also in higher regions of the central 
nervous system; the limbic system, the thalamus, basal ganglia and brain stem regions, such as 
the periaqueductal grey (PAG) and the rostral ventromedial medulla (RVM) (see paragraph 
2.4 for more details). Different subtypes of opioid receptors have been isolated; μ-, δ-, and 
κ- receptors. Morphine is an opioid agonist that acts mainly on μ-receptors, whereas oxyco-
done is considered to be a κ-agonist [Ross and Smith, 1997]. However, most opioid agonists 
act on all opioid receptors, with differing affinity for the various subtypes of receptors. All 
opioids thus share the same adverse effects profile; constipation, sedation and nausea are 
the most common side effects. The risk of hallucinations, cognitive impairments and abuse is 
reduced when the initial dose is low, which is subsequently titrated slowly, based on effects 
and side-effects. In patients with a history of substance abuse, opioid analgesics should be 
used with caution [Dworkin et al., 2003; Attal et al., 2006].
The duration of an adequate trial of an opioid analgesic is four to six weeks, the dose that is 
required to achieve analgesia may take time to find and differ strongly interindividually.
Methadone is a μ-agonist that is equipotent to morphine. Apart from its analgesic effects, 
methadone also has NMDA-antagonist properties. Careful dose titration is necessary due 
to the long half-life of methadone (24-36 hrs or more), rendering this drug less suitable for 
general use; it requires specific experience for the administration of this drug [Gilron et al., 
2006].
Tramadol is a weak μ-receptor agonist, which also inhibits the reuptake of both norepi-
nephrine and serotonin. Tramadol is moderately effective against various neuropathic pain 
conditions; it has an NNT of 3,9. As with all opioid analgesics, tramadol should be carefully 
titrated in order to reduce side-effects. The initial dose is 50 to 100 mg daily, the effective 
dosage ranges from 200 to 400 mg (maximum). Attention should be paid to symptoms of 
serotonergic syndrome, which may occur when tramadol is combined with other serotoner-
gic medication. The – potentially fatal – serotonergic syndrome is characterised by rigidity, 
shivering, myoclonus, fever, confusion, agitation, etc [Dworkin et al., 2003; Attal et al., 2006].

2.6.4.        Other medication with anti-neuropathic properties
Topical agents, e.g. capsaicin and lidocaine, are attractive for the treatment of focal neuro-
pathic pain syndromes, since they cause few systemic side effects. The local administration 
of lidocaine 5% has been demonstrated effective on the painful skin area in postherpetic 
neuralgia (PHN) in some studies, with an NNT of 4,4 [Rowbotham et al., 1996; Galer et al., 
1999]. Allodynia is a disabling symptom that frequently occurs in patients with PHN; num-
bing the skin with lidocaine provides relief in a simple manner. Titration of topical lidocaine is 
not necessary. Although systemic absorption from topical lidocaine is minimal, adverse effects 
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may occur and involve mild skin reactions (rash or erythema). An adequate trial should last 
about 2 weeks during which the lidocaine should be applied 3 to 4 times daily [Dworkin et al., 
2003; Irving, 2005].
The efficacy of capsaicin, an ingredient of hot peppers, is less established. Capsaicin initially 
stimulates heat-sensitive vanilloid receptors on C-fibre nociceptors. Upon continuous use, 
the vanilloid receptor will allow a toxic calcium-influx into the C-fibre, ultimately leading to 
degeneration of the nociceptor [Macres et al., 1999; Irving, 2005]. Compliance with the the-
rapy may be problematic, as the application of capsaicin causes an intense burning sensation, 
while the substance should be applied four or five times per day over a period of several 
weeks. There is some evidence that topical capsaicin provides pain relief (NNT ranges from 
4,5 to 12), however, patients have reported an exacerbation of pain with capsaicin.
Clonidine is an α2-adrenergic agonist that has an analgesic effect mainly by stimulating 
cholinergic interneurones in the spinal cord. When administered intrathecally, clonidine 
has proven to provide analgesia [Eisenach et al., 1998]. Clinical studies are not conclusive 
whether systemic clonidine is effective against neuropathic pain. The adverse effects of cloni-
dine include sedation and decreased blood pressure, warranting careful titration [Macres et 
al., 1999].
The efficacy of mexiletine, an oral antiarrythmic agent with local anaesthetic properties, has 
not been demonstrated consistently.

2.7.    Conclusions
Many significant advances have been achieved throughout the last several decades in the 
field of neuropathic pain. Although far from complete, insight in pathophysiological me-
chanisms has increased rapidly and therapeutic options have improved accordingly. Still, 
treatment options for neuropathic pain are poor in comparison with nociceptive pain. In 
this chapter, the pathophysiology of the various aspects of neuropathic pain, as well as the 
current treatment options have been described.
Normal sensory function is the product of a subtle equilibrium between neurons and their 
environment. A disruption of this equilibrium can easily lead to profound changes in sen-
sory function and thus lead to pain. When the equilibrium is disturbed, changes in both the 
peripheral and central nervous system occur.
From the release of excitatory substances from peripheral nerve endings, ectopic firing, ep-
haptic cross talk and the formation of neuromas, a whole range of changes take place within 
the affected peripheral somatosensory nerve that eventually contributes to the persistence 
of neuropathic pain. Centrally, proximal nerve endings sprout, inhibitory interneurones die, 
and inhibition from higher cortical regions fails to inhibit sensitised neurones in the spinal cord.
Pain results from both transmission and modulation of sensory information within the 
nervous system, a process that may be augmented or attenuated through individual gene-
tic composition, past experiences, current psychological status and sociocultural influences. 
Cognitions, emotional distress and chronic pain co-occur almost inevitably and interact in 
multiple ways.
With the use of modern non-invasive brain imaging techniques, a network of brain areas has 
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been found to be involved in the processing of pain; which is referred to as the ‘pain matrix’. 
The influence of descending control on spinal transmission of pain signals is dramatic; pain 
signals can be augmented or temporarily blocked.
Signs and symptoms resulting from these pathologic disturbances of the equilibrium vary 
widely and frustrate finding the exact underlying mechanisms in a single patient. Any particu-
lar condition may cause numerous different changes within the nervous system that occur in 
unpredictable degrees and strongly differ among individuals.
For the patients, chronic neuropathic pain reduces their quality of life, including mood, physi-
cal and social functioning. Treatment options for neuropathic pain - as opposed to nocicep-
tive pain - are poor. Whereas more than 90% of patients with nociceptive pain can achieve 
adequate pain relief, it is estimated that the chance of sufficient pain relief for patients with 
neuropathic pain is only one in three.
The mainstay of pharmacologic treatment is based on co-analgesic drugs such as tricyclic 
antidepressants, anticonvulsants and opioid agonists.
All in all, much research is needed to further elucidate the complex pathophysiological me-
chanisms of neuropathic pain as well as to develop effective therapeutic agents. An essential 
step in this field of research entails the quantification of stimulus-evoked pain, such as allo-
dynia and hyperalgesia, by means of quantitative sensory testing (QST). QST allows accurate 
and objective evaluation of the efficacy of therapeutic interventions and is described in more 
detail in Chapter 3.
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3.1.    Introduction
The broad definition of neuropathic pain allows numerous pain syndromes to be regarded 
as neuropathic in nature (see also Chapter 1). The IASP defines neuropathic pain as pain 
initiated or caused by a primary lesion or dysfunction in the nervous system [Merskey and 
Bogduk, 1994]. In chronic pain disorders such as fibromyalgia, whiplash associated disorder 
(WAD) and chronic low back pain, a dysfunction of the nervous system has been consistent-
ly demonstrated, and could therefore be considered as neuropathic pain syndromes. Indeed, 
there is compelling evidence from recent research indicating that hyperexcitability of certain 
structures within the central nervous system is a major cause for pain in patients with these 
chronic pain syndromes [Price et al., 2002; Banic et al., 2004; Giesecke et al., 2004; O’Neill et al., 
2007; ].
However, the term neuropathic pain is mostly reserved for disorders that are characterised 
by the presence of positive and/or negative sensory symptoms, such as anaesthesia, hyperal-
gesia and allodynia, indicating abnormal function in somatosensory neural systems [Hansson, 
2002; Jensen and Baron, 2003; Chong et al., 2003;]. Quantitative Sensory Testing (QST) has 
emerged throughout the last two decades to complement standard neurological bedside 
examination, in order to help detecting and quantify these positive and negative sensory 
phenomena [Dotson, 1994; Yarnitsky, 1997; Hansson et al., 2007]. QST is defined by the Pe-
ripheral Neuropathy Association as the technique(s) used to measure the intensity of stimuli 
needed to produce specific sensory perceptions [PNA, 1993].
QST in patients with neuropathic pain entails the measurement of the subjects’ responses 
to standardised thermal or mechanical stimuli, or it can be used to determine detection and 
pain thresholds following stimulation of increasing intensity. As QST is a form of psychop-
hysical testing, alertness and cooperation of the patient is required for obtaining reliable test 
results. The cause of abnormal results may lie anywhere along the sensory pathway; from the 
peripheral receptor to the highest cortical regions in the brain [Shy et al., 2003; Chong and 
Cros, 2004; Hansson, 2007].
QST can be used to provide insight in the pathophysiological mechanisms involved in some 
forms of neuropathic pain, e.g. abnormal thermal thresholds in patients with painful small 
fibre neuropathy [Magda et al., 2002]. Furthermore, the efficacy of therapeutic interventions 
aimed against allodynia, hyperalgesia and neuropathic pain can be monitored more closely 
with QST [Greenspan, 2001; Attal et al., 2002 + 2004; Wallace et al, 2002; Chong and Cros, 
2004].

Below, we describe the basic principles of QST. We review the different methods of stimula-
tion that are currently available and provide an overview of the most commonly used testing 
algorithms. Finally, we conclude which method and algorithm is the most suitable for clinical 
use.

3.2.    QST algorithms
Quantitative sensory testing of any kind should yield accurate and reproducible results within 
a reasonable amount of time. Research has demonstrated that QST is reasonably 

Chapter 3

Quantitative Sensory Testing (QST); an aid for the detection and 
quantification of stimulus-evoked pain



 ��  

Chapter 3

Quantitative Sensory Testing (QST); an aid for the detection and 
quantification of stimulus-evoked pain

reproducible over the course of days to weeks [Chong and Cros, 2004]. For any QST algo-
rithm, however, a number of concerns should be taken into consideration.
QST results may be influenced by a number of factors, i.e., the type of instrument that is 
used, the room temperature and humidity, site of stimulation, stimulus characteristics (area of 
stimulated skin, stimulus velocity, and inter-stimulus intervals). Several patient related factors 
such as age, sex, vigilance, cooperation, alertness and motivation also influence QST results 
[Hansson et al., 2007]. Moreover, QST results may be falsely abnormal when the patient is 
biased toward abnormal results [Chong and Cros, 2004].
Any algorithm should be performed according to a standardised protocol, to which the exa-
miner should adhere strictly. The room is quiet without distractions, and the room tempera-
ture constant. The patient must receive clear and standardised instructions and there must be 
time to allow the patient to acclimatise to the room and to the procedure. The test should 
always be done in exactly the same manner, preferably by the same examiner in the case 
of follow-up testing. The duration of any algorithm should be limited as much as possible, to 
prevent boredom and inattention [Shy et al., 2003].
The most common approach to determine the presence of positive and negative phenome-
na – or to measure its severity – is through comparison of the QST results of the affected 
side with the contralateral, non-affected side [PNA, 1993; Hansson et al., 2007]. Of course, 
this can only be achieved when the pain is unilateral, and not symmetrical – as with diabetic 
polyneuropathy. However, research has demonstrated that contralateral detection and pain 
thresholds may also be altered in patients with unilateral neuropathic pain [Bennett, 1993; 
Jääskeläinen et al., 2005; Hansson E, 2006].
As yet, there has been no consensus regarding which specific QST algorithm should be used 
preferentially. In order to make comparison of QST results of different examiners possible, 
there is a growing need to standardise testing procedures.
In Germany, a nationwide multicenter research network (German Research Network 
on Neuropathic Pain – DFNS) has developed a standardised and comprehensive QST pro-
tocol. This protocol consists of 7 different tests that measure 13 parameters, including various 
types of mechanical and thermal detection and pain thresholds for the hand, foot and face. 
The QST protocol was implemented in 180 healthy volunteers, thus providing a complete 
profile of sensory function (that is age, gender and location-matched) and normative data 
that can be used as reference values for statistical analysis in studies on patients with neuro-
pathic pain [Rolke et al., 2006a + b].
There are, however, several disadvantages of this major project. First, the data of this project 
were gathered by multiple examiners, which may account for the large variability of pain 
threshold values. QST results of an individual patient will be non-specific in many occasions 
when compared with these normative data. The test-retest and inter-observer reliability of 
the protocol need to be established [Hansson et al., 2007]. Second, the duration of this QST 
protocol for only one region is 30 minutes (in healthy volunteers); bilateral measurements 
would take at least an hour [Rolke et al., 2006]. The protocol is time-consuming for both the 
examiner and the patient; boredom and inattention may influence the test results. Third, the 
German protocol entails the use of many (expensive) instruments, rendering this approach 
less feasible for common medical practice.
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With respect to choosing any QST technique, a trade-off should be made between expe-
diency on the one hand vs. accuracy on the other hand. The technique a clinician or resear-
cher will choose, depends on the question that needs to be answered; the achievement of 
a complete profile of sensory function or a rapid assessment of the severity of dysaesthetic 
symptoms.
Below, the Method of Limits and the Method of Levels – the two most common algorithms 
for quantitative sensory testing – are described in more detail.

3.2.1.        Method of limits
With the method of limits, the intensity of a stimulus is gradually increased until the subject 
perceives the stimulus as painful; the so-called ‘appearance threshold’ is reached. Another 
– less common – approach is the determination of a disappearance threshold, by decrea-
sing the stimulus intensity until it is no longer perceived as painful. By means of a feedback 
mechanism, e.g. pushing a button, the stimulus increase can be stopped. The method of limits 
is one of the most commonly used algorithms for quantitative sensory testing [Greenspan, 
2001; Hansson et al., 2007]. Thermal and vibratory thresholds are frequently assessed with 
the method of limits [Verdugo and Ochoa, 1992; Chong and Cros, 2004].
Of all algorithms, the method of limits provides the quickest method with which a pain 
threshold can be determined [Dotson, 1997]. Thus, the chance that boredom and inatten-
tion will occur is minimal. The frequency and duration of suprathreshold, painful stimulation 
is minimal. The main disadvantage lies within its feedback mechanism; the subjects’ reaction 
time may lead to an overestimation of the pain thresholds. The extent of overestimation of 
the thresholds depends on the rate of stimulus change, i.e., the slope of the ramp [Dyck et al., 
1990; Shy et al., 2003; Chong and Cros, 2004; Hansson et al., 2007].

3.2.2.        Method of Levels
With the method of levels, a series of predefined stimuli with fixed intensity and duration 
are applied to the skin in ascending (or descending) order. Following each stimulus, the 
subject has to report if the stimulus was perceived as painful or not. The subject’s reaction 
determines whether the next level of intensity will be applied. The pain threshold is reached 
when a stimulus is reported as painful, consequently ending the series of levels. This method 
is also referred to as a ‘forced-choice’-algorithm [Shy et al., 2003; Chong and Cros, 2004; 
Hansson et al., 2007].
The method of levels overcomes the major disadvantage of the method of limits, as it does 
not depend on reaction time. This algorithm is used less frequently, since it is generally more 
time-consuming and may subsequently lead to boredom and inattention [Hansson et al., 
2007].

3.2.3.        Suprathreshold testing
Suprathreshold testing strongly differs from algorithms that measure perception or pain 
thresholds. With the method of limits and method of levels, the minimal stimulus intensity 
that is needed to evoke a particular sensation is determined. Suprathreshold testing involves 
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the subject’s report of perceived stimulus intensity upon stimuli that will evoke this particu-
lar sensation. Most frequently, a visual analogue scale (VAS) is used to assess the perceived 
stimulus intensity [Greenspan, 2001; Attal et al., 2002 + 2004; Wallace et al., 2002].
The advantage of this algorithm is that multiple sensory dimensions can be assessed, e.g. the 
stimulus intensity and degree of its unpleasantness. Disadvantages of this algorithm are the 
subjective nature of measurement and suprathreshold stimulation in patients with neuropa-
thic pain should be restricted to a minimal degree for obvious ethical considerations [Hans-
son et al., 2007].

3.3.    QST instruments
For threshold and suprathreshold testing in the field of QST, several different methods for 
stimulation can be applied. Most of these methods entail the use of thermal or mechanical 
stimuli.
Ideally, stimulation of the skin with any of these methods specifically excites only one subtype 
of afferent fibre, allowing the involvement of this fibre subtype in a pathological condition 
to be investigated. The stimulus intensity should be quantifiable in units of force (mechani-
cal), displacement (vibration) or temperature (thermal). A wide range of stimulus intensities 
should be available for any stimulus modality, so that not only normoesthetic skin can be 
stimulated, but also hypoesthetic and hyperesthetic skin. Stimulation characteristics should 
remain constant in different settings and over time [Handwerker et al., 1993; PNA, 1993].

3.3.1.        Thermal stimulation
With thermal stimulation, heat and cold pain thresholds can be measured. Systems that 
deliver thermal stimuli commonly use Peltier contact thermodes with a surface area ranging 
from 3 to 13 cm2. The thermode is set at a baseline or holding temperature of 30 - 34°C 
(usually 32°C) and placed against the skin. The temperature may be increased or decreased 
to measure warm and cold sensation, or – upon further temperature change - heat and cold 
pain thresholds [Verdugo and Ochoa, 1992; PNA, 1993; Gruener and Dyck, 1994; Dotson, 1997; 
Yarnitsky, 1997].

Figure 1. Thermal testing with a thermoregulator, consisting of a computer that generates thermal stimuli and calculates 
thresholds, and a Peltier thermode through which the stimuli are administered on the skin.
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The method of limits algorithm is most frequently used for thermal testing. The stimulus 
intensity is increased, until the subject indicates that the threshold is reached by pushing a 
button; the temperature of the thermode then rapidly returns to the holding temperature 
[Verdugo and Ochoa, 1992]. The inclusion of a reaction time in such paradigms gives higher 
sensory thresholds compared with algorithms that are independent from reaction time. This 
effect is further amplified when the rate of temperature increase is high, e.g. 4°C/s instead of 
1°C/s [Chong and Cros, 2004].
The method of levels paradigm has also been described for thermal testing, although it is 
used less frequently [Yarnitsky and Sprecher, 1994; Dyck et al., 1996; Reulen et al., 2003; Chong 
and Cros, 2004].

3.3.1.1.            Heat pain
Primary unmyelinated (C-fibre) and small calibre A-δ nociceptors carry afferent input indu-
ced by noxious heat stimuli. The first, localised and sharp pain is mediated by the relatively 
fast conducting A-δ nociceptors, whereas the heat perception and secondary dull pain is me-
diated by slow conducting C-fibre nociceptors. The involvement of A-δ nociceptors in heat 
pain is thought to be limited in comparison to C-fibre nociceptors [Raja et al., 1988; Verdugo 
and Ochoa, 1992; Reulen et al., 2003]. In patients with stimulus-evoked pain, the assessment 
of a heat pain threshold may indicate the presence of heat allodynia, or – in contrast – 
hypoalgesia.
Thermal testing allows the evaluation of nociceptor function for numerous disorders, inclu-
ding diabetic polyneuropathy, complex regional pain syndrome (CRPS), painful small fibre 
neuropathy, or other neuralgias. It should be realised that early diagnosis and close monito-
ring of the progress of disease is mostly performed with thermal detection threshold testing, 
rather than thermal pain threshold, since the former is a more sensitive measure [Greenspan 
and Kenshalo, 1985; Hansson et al., 2007].
When the method of limits is used, with a temperature rise lower than 2˚C/s, Yarnitsky and 
Ochoa (1990) found that the pain threshold is primarily signalled by C-fibre nociceptors. 
More recently, Defrin et al. (2006) studied the influence of study paradigm on the heat pain 
thresholds across several body sites. They compared the method of limits with the method 
of levels, and discovered that the heat pain thresholds were higher in distal parts of the body 
when the method of limits was used. This difference was absent in the proximal parts of the 
body. The combination of slow signalling through C-fibre nociceptors and subsequent further 
delay due to the reaction time implies a preference for the use of the method of levels al-
gorithm in thermal testing in general and heat pain testing in particular [Yarnitsky and Ochoa, 
1990a; Verdugo and Ochoa, 1992; Defrin et al., 2006].

3.3.1.2.            Cold pain
Cold stimulation excites mainly A-δ fibre nociceptors. The involvement of C-fibre nocicep-
tors has also been demonstrated by means of differential myelinated nerve blocks [Fruhstor-
fer, 1976; Verdugo and Ochoa, 1992; Yarnitsky and Ochoa, 1990b]. Interestingly, following 
inhibition of the A-δ fibre component in cold pain, the quality of the pain shifts from ‘cold’ to 
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‘burning’ [Yarnitsky and Ochoa, 1990b]. Low temperature stimuli may evoke multiple sensa-
tions, including cold and (paradoxical) heat sensations, and non-thermal, aching, pricking or 
throbbing sensations [Davis and Pope, 2002].
In patients with multiple sclerosis, diabetic polyneuropathy and numerous other disorders of 
the nervous system, the perception of cold stimuli can be abnormal. For example, patients 
with diabetic polyneuropathy may experience ongoing burning pain and yet have a decre-
ased thermal sensitivity. On the other hand, patients with chronic regional pain syndrome 
(CRPS) may have an increased sensitivity to cold stimulation, resulting in (severe) cold allody-
nia [Davis and Pope, 2002].

3.3.2.        Mechanical stimulation
Several methods of mechanical stimulation exist in the field of pain research today. Stimu-
lation of the skin with needles and pins are among the oldest forms of painful stimuli. Many 
other tools and systems have been developed in the past decades, ranging from cheap and 
simple (brushes, Von Frey monofilaments) to more expensive and sophisticated (pressure 
algometers, vibratory instruments, and the controlled firing of small metal cylinders onto 
the skin, etc.) [Handwerker and Kobal, 1993].
The difficulty with many of the methods mentioned above, is that various subtypes of 
afferents are stimulated following the application of one such method on the skin. For 
example, pressure algometers stimulate not only nociceptors but will invariably stimulate 
low-threshold mechanoreceptors (A-β fibres) as well. Von Frey monofilaments frequently 
have sharp edges and may therefore stimulate both myelinated and unmyelinated afferents. 
However, many of the currently available methods of QST – if not all methods – may not be 
able to selectively stimulate only one subtype of afferent fibre (see also Chapter 8) [Green-
span, 2001]. In this paragraph we describe methods that are used for noxious stimulation, 
therefore commonly used methods that involve the assessment of perception rather than 
pain are left outside the scope of this paragraph.

3.3.2.1.            Brush-evoked pain
Brush-evoked pain, also frequently called dynamic hyperalgesia, is a common finding in 
patients with neuropathic pain. In contrast to static hyperalgesia, which was thought to be 
mediated by C-fibre nociceptors, dynamic hyperalgesia was found to be A-β fibre mediated; 
the painful sensation being the result of central misinterpretation of the – normally non-noxi-
ous – A-β fibre stimulation [Koltzenburg et al., 1992; Ochoa and Yarnitsky, 1993].
Many different variants of the brush currently exist, that can be used to administer light, 
non-noxious stimuli to the skin. The use of several forms of brushes, Q-tips, cotton wisps and 
devices with a cotton-tipped applicator taped to a thin flexible metal saw have been descri-
bed [LaMotte et al., 1991; Koltzenburg et al., 1992; Baumgärtner et al., 2002; Rolke et al., 2006].
Testing of brush-evoked pain can be performed with cheap and simple materials, such as 
a cotton wisp or paint brush. By asking the subject or patient to rate the pain intensity, this 
method not only allows swift measurement of the perceived pain intensity, also the quality 
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of the pain sensation can be assessed, and hypersensitive skin areas can be mapped. On the 
other hand, standardisation of the stimuli may be a problem; the exerted force of the brush, 
or the speed with which the skin is stroked, may vary significantly between different stimuli.
Furthermore, there is evidence that – in the case of chronic neuropathic pain – (retrograde) 
sensitisation of peripheral nociceptors occurs. These sensitised nociceptors can subsequently 
be excited by low-threshold, non-noxious stimuli, such as the light stroking of the skin [La-
Motte et al., 1991; Ochoa, 2003]. Therefore, brush-evoked stimuli will predominantly, but not 
exclusively excite A-β fibre afferents.

3.3.2.2.            Pain induced by punctate stimuli
In the last decade of the 19th century, Von Frey described a method that he used to quantify 
pain induced by punctate stimulation. He used horsehairs of various thickness to determine 
the thresholds of touch recognition. Later this methodology was further refined and impro-
ved by others, such as Semmes and Weinstein in the 1960s. Today, Von Frey hairs comprise a 
standard set of nylon monofilaments that exert predefined forces onto the skin [Semmes et 
al., 1960; Bell-Krotoski and Tomancik, 1987].

Quantitative sensory testing with Von Frey monofilaments (VFMs) entails the application of 
the monofilaments perpendicular to the skin, until the monofilament bends 3 – 5 mm (see 
figure 3). When applied, these VFMs exert a constant force onto the tested skin, the bending 
of the VFM reduces measurement outcome artefacts resulting from movement or trembling 
of the examiner’s hand [Bell-Krotoski and Tomancik, 1987]. In order to deal with the data sta-
tistically, the values on the different monofilaments are logarithmic numbers, and express the 
common logarithm of 10 times the force in milligrams [Voerman et al., 2000].
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Figure 2. Maximillian von Frey (1852-1932). Courtesy of the Clendening History of Medicine Library, 
University of Kansas Medical Center.



 ��  

Chapter 3

Quantitative Sensory Testing (QST); an aid for the detection and 
quantification of stimulus-evoked pain

Since the VFM bends when the force is applied, the area of the tip of the VFM that is in 
contact with the skin changes. The complete top of the VFM will be in contact with the skin 
when the slightest force applied, i.e. no bending of the monofilament. On the other hand, the 
sharp, crescent-shaped edge of the VFM will be in contact with the skin when the monofila-
ment bends. The type of afferent fibre that is stimulated by Von Frey monofilaments is highly 
unpredictable and may include both myelinated and unmyelinated afferents.
Some researchers have attached a uniform, rounded tip onto the ends of the monofilaments 
in order to prevent nociceptor activation [Baumgärtner et al., 2002; Rolke et al., 2006]. With 
this method nociceptor activation may be prevented upon application of low forces, still 
multiple types of afferents will be stimulated in an unpredictable degree upon the applica-
tion of high-force stimuli [Treede et al., 2004]. Moreover, as these rounded tips stimulate few 
nociceptors, it is unlikely that a pain threshold can be reached in many patients.
Specific custom made pinprick stimulators have been described for the quantification of 
punctate or pricking pain. These devices are cylindrical tubes with a weight inside that is able 
to exert a force ranging from 8 to 512 mN through a flat surface tip with a fixed diameter 
of 0,2 mm [Ziegler et al., 1999; Baumgärtner et al., 2002]. The disadvantage of this device is 
that not all skin areas can be tested properly as it should be kept upright.
The advantage of QST with Von Frey monofilaments is that this method allows swift and 
cheap assessment of the severity of stimulus-evoked pain. Furthermore, the area of hyper-
sensitive skin can be easily determined by means of ‘walking’ the monofilament in several 
directions. The main disadvantage is the lack of selectivity with which specific afferent fibres 
can be stimulated.

Figure 3. When the skin is stimulated with Von Frey monofilaments, the extent and severity of Aδ-fibre mediated 
allodynia/hyperalgesia can be assessed.
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3.3.3.        Electrical stimulation
By means of electrical currents of different intensity, a so-called current perception threshold 
(CPT) can be determined. Upon increased intensity a nociceptive (N-)CPT can be measu-
red. There is evidence that different stimulation frequencies stimulate different afferent fibres, 
implying that with CPT-testing the various subtypes of afferent fibres can be stimulated 
selectively. The stimulator delivers a current at three possible frequencies: 5, 250 and 2000 
Hz. with intensities that vary 0,01 to 9,99 mA. With 5 Hz slow conducting C-fibre can be 
stimulated, with 250 Hz faster-conducting Aδ-fibres and with 2000 Hz the fast-conducting 
Aβ-fibres are stimulated [Katims et al., 1987; Chado, 1995; Dotson, 1997; Imoto et al., 2007].
The advantage of electrical stimulation is that it allows the administration of standardised sti-
muli of predictable intensity. Timing of the stimuli can also be accurately programmed. Howe-
ver, electrical stimuli are unnatural stimuli, which evoke sensations that are incomparable with 
naturally occurring sensations such as heat, pressure or touch. Moreover, electrical stimulation 
bypasses the high-resistance receptors and directly activates the nerve fibres. In this respect, 
the distal part of the afferent pathway is not included in CPT-testing [Handwerker and Kobal, 
1993; AAEM, 1999]. CPT-testing can only be performed with the use of relatively costly 
equipment and is therefore less suitable for standard medical practice.

3.3.4.        Other methods of stimulation
Other, less frequently used methods can be deployed to administer pain stimuli. Several of 
these methods will be described briefly in this paragraph.
With the use of a pressure algometer, the presence of so-called tender points can be esta-
blished, and the pain that results from pressure on the tender point quantified. This method 

Figure 4. With electrical stimuli, timing and intensity of stimuli can be timed exactly, although 
electrical stimuli bypass high-resistance receptors and directly stimulated nerve fibres.
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of the quantification of stimulus-evoked pain is frequently used in chronic pain syndromes 
such as fibromyalgia, chronic low back pain or atypical facial pain [Silva et al., 2005; Gupta et 
al., 2007; Farasyn et al., 2008]. The pressure algometer is a device with which a known force 
– calibrated in kg/cm2 – can be administered to the skin through a rubber disc at the end 
of the algometer. The algometer has been demonstrated to yield reliable and reproducible 
results [Reeves et al, 1986; Nussbaum and Downes, 1987]. On the other hand, the crude sti-
mulation of the algometer will inevitably stimulate multiple types of nerve endings, including 
both nociceptive and non-nociceptive receptors.
Laser beams have been used for heat stimulation of the skin. In theory, this method has the 
advantage of delivering only a heat stimulus without necessitating the application of a Peltier 
thermode onto the skin that may also stimulate low-threshold Aβ-fibres. However, the fast 
rising temperature of the skin that is induced by a laser beam may change the tissue turgor, 
so that low threshold receptors are also excited. Expensive equipment is required for laser 
beam stimulation [Handwerker and Kobal, 1993].

3.4.    Conclusion
In the field of pain research and pain management, QST can be used for two main purpo-
ses. The first purpose is to provide insight in the pathophysiological mechanisms involved 
in some forms of neuropathic pain, and the second is to assess the efficacy of therapeutic 
interventions aimed against stimulus-evoked pain. 
As yet, there has been no consensus regarding which specific QST method and algorithm 
should be used preferentially. Therefore, when a QST technique should be selected, a trade-
off should be made between expediency on the one hand vs. accuracy on the other hand. 
The technique a clinician or researcher will choose, depends on the question that needs to 
be answered; the achievement of a complete profile of sensory function or a rapid assess-
ment of the severity of dysaesthetic symptoms.
Researchers in the field of basic neurophysiological science will be predominantly interested 
in the exact pathophysiological mechanisms that underlie a certain condition or disease. 
Unravelling these mechanisms is important for obtaining insight in how these diseases work. 
For this purpose, extensive quantitative sensory testing should ideally be executed in healthy 
volunteers in whom the condition has been experimentally induced. The function of each 
subtype of afferent fibre is then measured as selectively as possible. The use of sophisticated, 
expensive devices is appropriate in such a setting. 
However, such exhaustive procedures that meticulously measure the function of specific af-
ferent fibres may be suitable in the setting of a research laboratory with paid volunteers who 
are willing to undergo hours of quantitative sensory testing, in patients with neuropathic pain 
the procedure should be as brief as possible in order to prevent boredom and inattention. 
Symptoms of neuropathic pain, such as allodynia or hyperesthesia may be the consequence 
of various underlying pathophysiologic mechanisms (see also Chapter 2). Therefore, trans-
lating symptoms and signs into mechanisms, let alone a specific therapeutic intervention, is 
therefore practically impossible. Thus, clinicians will be more interested in the efficacy of a 
therapeutic intervention than they are interested in the possible underlying mechanisms of 
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a patient’s neuropathic pain condition. Devices for clinical use are preferably cheap, to allow 
testing in everyday medical practice, and rapidly yield reliable and reproducible results in an 
easy manner. Selective stimulation of specific afferent fibres is less important for this purpose.
The most common approach to the assessment of stimulus-evoked pain is through compari-
son of the QST results of the affected side with the contralateral, non-affected side. Howe-
ver, research has demonstrated that contralateral detection and pain thresholds may also be 
altered in patients with unilateral neuropathic pain, due to a generalised central sensitisation. 
Another possibility of comparing test results of stimulus-evoked pain is by means of a large-
scale database with normal values.
A set of Von Frey monofilaments of varying thickness is a simple device that is relatively 
cheap. With Von Frey monofilaments, perception and pain thresholds can be assessed. Von 
Frey monofilaments are frequently used as a means of quantitative sensory testing to assess 
perception thresholds (PT) of sensory function at specific body sites, e.g. for quantifying 
hypoesthesia in diabetic polyneuropathy. All in all, Von Frey monofilaments are suitable for 
everyday use in clinical practice, although its use for the quantification of stimulus-evoked 
pain should still be validated.
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4.1.    Introduction
The International Association for the Study of Pain (IASP) defines neuropathic pain as pain 
caused by a primary lesion or dysfunction of the nervous system. Nociceptive pain is caused 
by an activation of peripheral nociceptors, in the event of (potential) tissue damage [Merskey 
and Bogduk, 1994; Dellemijn and Weber; 2000].
The treatment of neuropathic pain is difficult, especially when compared to nociceptive 
pain where adequate analgesia can be achieved in the majority of patients with analgesic as 
NSAIDs and opioids. There are no exact incidence and prevalence figures of neuropathic 
pain, but it is estimated that up to 3% of the population suffers from neuropathic pain at any 
moment [Carter et al., 2001; Smith and Chong, 2000]. These figures suggest that neuropathic 
pain is a frequently occurring phenomenon.
Neuropathic pain may occur in many diseases, such as multiple sclerosis (central pain) or 
diabetes (polyneuropathy). 50% pain reduction is achieved in a third of all patients with neu-
ropathic pain with tricyclic antidepressant or anticonvulsant drugs. Intolerable side-effects are 
often a reason to quit these medication [McQuay and Moore, 1998a+b].
The consequence of persisting (neuropathic) pain is that it severely affects the patient’s 
psychological and social functioning. Patients may become disabled and socially isolated. Thus, 
finding ways to treat this difficult pain in an adequate manner is of the utmost importance. It 
has been suggested that cannabinoids may contribute to the alleviation of neuropathic pain 
[Martin, 1999; Mather, 2001; Kumar et al., 2001; Iversen and Chapman, 2001; Pertwee, 2001].

4.2.    Cannabinoids and cannabinoid receptors
Thus far, two types of cannabinoid receptors have been isolated: CB1- and CB2-receptors, 
upon which endogenous and exogenous cannabinoid agonist agents may exert an effect 
(see Table 1).
Exogenous cannabinoids may be classified as synthetic and naturally occurring cannabinoids. 
In the plant Cannabis sativa, more than 60 different types of cannabinoids have been disco-
vered, of which �9-tetrahydrocannabinol (�9-THC) is the most well known. Recently, an 
endogenous cannabinoid system  has been discovered [Martin, 1999].

Table 1. Characteristics of cannbinoid receptors

Localisation

Cell type
Agonist
      - Endogenous

      - Exogenous      
Antagonist
Table 1: Characteristics of cannabinoid receptors, including main agonist and antagonist agents.

CB�
Central and peripheral
nervous system
Neuronal

Anandamide; 2-
arachidonyl-glycerol
WIN55,212-2; �9-THC; 
CP55,940; HU210    
SR141716A 

CB�
Periphery      

Non-neuronal (immune)  

Anandamide; 
Palmitoylethanolamide;
WIN55,212-2; �9-THC; 
CP55,940; HU210 
SR144528   
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CB1-receptors are mainly localised in the central nervous system; the thalamus, neocortex, 
in and around the hippocampus, the periaqueductal gray (PAG) and the cerebellum. CB1-
receptors are also found in the peripheral endings of somatosensory nerves. When activated 
by an agonist, CB1-receptors exert an analgesic effect, but also affect motor function, memo-
ry and mood. The main endogenous agonist is anandamine, the most important exogenous 
agonist is �9-THC [Joy et al., 1999; Iversen and Chapman, 2001; Pertwee, 2001].
CB2-receptors are predominantly localised in peripheral (non-neuronal) tissues on cells of 
the immune system. Through activation of CB2-receptors, cannabinoids influence the im-
mune system in a complex way that is still unclear. These receptors are also involved in the 
modulation of pain and possess an anti-inflammatory effect [Joy et al., 1999; Pertwee, 2001].

4.2.1.        The antinociceptive effect of cannabinoids
The analgesic effect of cannabinoids can be subdivided in a central and a peripheral compo-
nent. Whereas CB2-receptors are located predominantly in the periphery, CB1-receptors 
are located both peripherally and centrally. In Table 2, the main analgesic effects of cannabi-
noids are highlighted.

4.2.1.1.            Peripheral antinociceptive mechanisms of cannabinoids
The anti-inflammatory anti-nociceptive effect is mainly CB2-receptor mediated, and is mainly 
due to a decreased release of histamine from mast-cells. Furthermore, investigators found 
evidence for selective COX-2 inhibition through cannabinoid activation of predominantly 
CB2-receptors.
CB1-receptors are expressed on Aβ- and Aδ- myelinated primary afferent nerve fibres. 
These fibres are far less densely populated with μ-opioid receptors than with CB1-receptors. 
In contrast, C-fibre nociceptive afferents are more densely populated with μ-opioid recep-
tors. Since neuropathic pain is partially caused by abnormal activation of damaged Aβ- and 
Aδ-fibres, CB1-agonists are likely to be of greater benefit than opioids in suppressing pain 
of this kind [Pertwee, 2001]. In the periphery, the release of excitatory neuropeptides from 
the distal ends of afferent fibres following injury is inhibited after stimulation of CB1-recep-
tors. In the dorsal horn, stimulation of presynaptic CB1-receptors leads to the inhibition of 
the release of excitatory neurotransmitters substance P and calcitonin gene related peptide 
(CGRP) [Martin, 1999].

4.2.1.2.            Central antinociceptive mechanisms of cannabinoids
Cannabinoids affect the transmission from first to second degree afferent neurones in the 
spinal cord, both presynaptically and postsynaptically. CB1-receptors are involved in the 
attenuation of ‘wind-up’ by wide dynamic range-neurones, without affecting basal C-fibre 
responses from the periphery. In this respect, the ‘system’ is normalised rather than brought 
to a standstill, in contrast to opioid-analgesia. When ‘wind-up’ is inhibited, the chance that 
phenomena such as allodynia and hyperalgesia will develop is reduced [Martin, 1999; Kumar 
et al., 2001; Fox et al., 2001].
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Cannabinoids selectively inhibit nociceptive stimuli in higher regions of the central nervous 
system. CB1-receptors are located in the hippocampus, basal ganglia and the cerebellum. In 
contrast to opioid receptors, CB1-receptors are scarce in the brainstem, which could be an 
explanation for the absence of respiratory depression with cannabinoid analgesia [Martin, 
1999].
Opioids and cannabinoids work synergistically to produce analgesia. Cannabinoids stimulate 
the release of endogenous opioids that act at μ-receptors at cerebral level and at κ-recep-
tors at spinal level. This synergistic effect can be blocked by both cannabinoid and opioid 
receptor antagonists [Smith et al., 1998; Kumar et al., 2001; Pertwee, 2001].
Descending inhibitory pathways are stimulated by cannabinoid actions. Many opioid and 
cannabinoid receptors are located in the periaqueductal gray (PAG) [Martin, 1999; Iversen 
and Chapman, 2001; Pertwee, 2001]. From the PAG, descending pathways inhibit nociceptive 
stimuli in the spinal cord by means of noradrenalin release onto α2-adrenoreceptors. Can-
nabinoids are also involved in a reduction of GABA-ergic inhibition of the PAG, thus creating 
a similar effect [Smith et al., 1998; Kumar et al., 2001; Pertwee, 2001].

4.3.    Cannabinoids in neuropathic pain
Considering the severity and intractable nature of neuropathic pain, and the consequences 
neuropathic pain carries for the sufferer, it is important to carefully search for a treatment 
strategy that adequately reduces pain as well as improving the quality of life. In the 1970s, 
several clinical studies have demonstrated a moderate effect of cannabinoids in patients with 
post-operative pain and cancer pain [Noyes et al., 1975a+b; Jain et al., 1981]. At present, the 
efficacy of cannabis and cannabinoids against neuropathic pain has not yet been investigated 
in randomised controlled trials; arguments for its efficacy are based on anecdotal evidence.
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Table 2. Central and peripheral actions of cannabinoids

Table 2: Central and peripheral actions of cannabinoids

Peripheral
  Anti-inflammatory actions       

  Inhibition of ectopic activation in 
  1st order afferent fibres   
  Reduction of presynaptic release of 
  Substance P and CGRP in the dorsal horn    
  Reduction of release of neuropeptides
  from peripheral ends of 1st order 
  afferent fibres 

Central
  Postsynaptic inhibition of nociceptive input
  from 1st order afferent fibres in the spinal cord 
  Inhibition of ‘wind-up response’ in WDR-
  neurones; normalisation of pain thresholds     
  Inhibition of nociceptive stimuli at cerebral level

  Synergism with opioid system   

  Disinhibition of descending noradrenergic 
  and serotonergic pathways    
  Stimulation of α2-adrenergic receptors 
  GABA-mediated disinhibition of PAG
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The pathophysiological mechanisms of neuropathic pain lie within the nervous system. 
Therefore, it is improbable that peripheral CB2-receptor mediated analgesia will contribute 
significantly to alleviate neuropathic pain [Pertwee, 2001]. Analgesia for neuropathic pain con-
ditions will thus be predominantly based on actions through CB1-receptors.
As stated above, the principal effects of cannabinoids lie in the inhibition of ectopic activation 
of Aβ-afferent fibres, and a reduction of substance P and CGRP in pathologic spinal connec-
tions of these afferents onto nociceptive 2nd order neurones. These mechanisms of action of 
cannabinoids constitute an analgesic potential for neuropathic pain and – more specifically 
– allodynia (see also Chapter 2 for more details on the pathophysiological mechanisms of al-
lodynia). In animal models, the efficacy of cannabinoids against allodynia and hyperalgesia has 
been consistently demonstrated [Martin, 1999; Iversen and Chapman, 2001; Pertwee, 2001].
In the Netherlands, the use of cannabis for medicinal purposes is allowed. A therapeutic trial 
with cannabis in a patient with intractable neuropathic pain, in whom standard therapeutic 
options failed or when side-effects appeared intolerable, can thus be considered.
When a physician prescribes cannabis, most commonly the patient is advised to make his 
own cannabis-‘tea’ out of ‘medicinal degree cannabis’ (in Dutch: Medicinale Graad Cannabis 
or MGC). As yet, prescribing cannabis as a pill is practically impossible. For example, dronabi-
nol (Marinol®) contains synthetic �9-THC but it is very expensive and it is not compensated 
for by the health insurance.
Cannabis-tea should be made by the patient himself out of a fixed quantity of MGC. MGC 
is sterilised whole-plant cannabis that can be prescribed in quantities of 5 and 25 grams. 
MGC is produced by Maripharm Co. (Rotterdam). The company and the patient interest 
group medicinal marihuana (in Dutch: Stichting Patiëntenbelangen Medicinale Marihuana) 
advise patients to softly boil 1 gram of MGC in a litre of water, and drink one cup (0,2 l) of 
the extract per day. The remaining extract should be kept cool in the refrigerator. It may last 
2 weeks for the analgesic effect of the cannabis-tea to set in. When at that time the effect is 
insufficient, the dose can be increased to two cups per day. The patient should receive accu-
rate instructions regarding the preparation of the cannabis-tea [www.maripharm.nl; consulted 
Jan 23, 2003].
When the cannabis is smoked or inhaled, the effect of the cannabinoids is noticeable within 
minutes. Psychomotor side-effects are much more common and may be an important rea-
son to drop out. Moreover, the inhaled smoke from a cannabis-cigarette is more carcinogenic 
than tobacco smoke and should thus not be advised.

4.4.    Clinical research
The intractable nature of most types of neuropathic pain necessitates further clinical re-
search of new therapeutic agents. The efficacy of cannabinoids – and many of the mecha-
nisms of action – have been established in animal studies. The most important potential 
benefit lies in the efficacy of cannabinoids against neuropathic pain in general and allodynia 
and hyperalgesia in particular.
Ideally, randomised controlled trials should be performed in which the efficacy of specific 
cannabinoids should be tested. With the use of quantitative sensory testing the effect on 
allodynia and/or hyperalgesia can be assessed. Subtle somatosensory aberrations can be 
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detected and quantified, changes of sensory and pain thresholds throughout the trial can be 
monitored closely.

Addendum
The text of the article on which this Chapter is based, was written in 2002 and published in 
2003. Since then, the field of neuropathic pain management and cannabinoid research has 
developed further. To the best knowledge of the authors, in 2002 there was no therapeutic 
agent that had been proven efficacy against stimulus-evoked pain, i.e. allodynia and hyperal-
gesia. Based on animal studies, an effect of cannabinoids against allodynia and hyperalgesia 
had been demonstrated, however, this effect had not been tested in humans.
In 2002, we had designed a number of studies in which we aimed to validate the quantifi-
cation of stimulus-evoked pain by means of a set of Von Frey monofilaments. One of these 
studies entailed the investigation of the clinical relevance of quantitative sensory testing with 
Von Frey monofilaments in patients with unilateral neuropathic pain. In order to answer this 
question, we would need to induce a change in both the spontaneous pain and the pain 
thresholds that we assessed with QST in our patients throughout the study (for more details 
see also Chapter 7).
We chose to use cannabis for this purpose. Firstly, because of the anti-allodynic and anti-hy-
peralgesic properties found in animal studies and, secondly, since we aimed to use the pain 
scores and QST results from this study as a pilot for a future randomised controlled trial in 
which the efficacy of cannabis could be tested. The prevailing method to administer medici-
nal cannabis in the Netherlands at that time, was by means of a cannabis-extract as descri-
bed in paragraph 4.4.
In the last several years, randomised clinical trials in patients with neuropathic pain and stimu-
lus-evoked pain have been performed with several different forms of administration of the 
cannabis. Several studies have demonstrated an analgesic effect of dronabinol in patients with 
central pain due to multiple sclerosis (MS), with an NNT of approximately 3,5. Few intole-
rable adverse effects occurred [Karst et al., 2003; Svendsen et al., 2004; Hosking and Zajicek, 
2008]. Topically administered cannabinoid agonists attenuated capsaicin-induced hyperalge-
sia and allodynia in humans [Rukwied et al., 2003]. Results of studies with oral cannabinoids 
against allodynia have been ambiguous, have several studies with inhaled cannabinoids de-
monstrated its anti-allodynic and anti-hyperalgesic properties [Abrams et al., 2007; Nurmikko 
et al., 2007].
Clinical studies with an oromucosal spray containing a 1:1 mixture of THC and CBD (can-
nabidiol) have been carried out, demonstrating an analgesic effect of cannabinoids in patients 
with chronic neuropathic pain. This spray is manufactured in the UK by GW Pharmaceuticals 
and is called Sativex®. The analgesic potential of Sativex against neuropathic pain has been 
investigated and confirmed in multiple randomised clinical trials [Rog et al., 2005 + 2007; 
Nurmikko et al., 2007; Russo, 2008]. An uncontrolled, open-label 2 yr extension to one of 
the RCTs showed a lasting analgesic effect of the cannabinoid spray. However, 25% of the 
patients that participated in this extended study dropped out due to intolerable side effects 
[Rog et al., 2007]. Adverse effects, although generally mild to moderate, occurred frequently 
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with Sativex®, and include dizziness, nausea and reversible buccal mucosa damage. Although 
less clear, an effect of Sativex® against allodynia and hyperalgesia has also been described 
[Nurmikko et al., 2007].
The advantage of the oromucosal spray in comparison with oral forms of cannabinoids, ap-
pears to be its greater success in alleviating neuropathic pain and (possibly) stimulus-evoked 
pain. Titration of effects is easier with the spray than with oral cannabinoids. On the other 
hand, adverse effects appear to be much more common and less tolerable with the oromu-
cosal spray. Thus, when the prescription of cannabinoids is considered, a trade-off should be 
made between the advantages and disadvantages for individual patients.

Conclusion
Apart from spontaneous, ongoing pain, neuropathic pain syndromes are frequently cha-
racterised by the presence of stimulus-evoked pain, i.e. allodynia and / or hyperalgesia. The 
treatment of neuropathic pain is generally unsatisfactory; with insufficient pain reduction in 
over half of the patients with adequate treatment regimes currently available. There are no 
treatment options specifically aimed at stimulus-evoked pain, apart from topical agents such 
as capsaicin or lidocaine. The efficacy of topical agents is generally poor (see also Chapter 2).
There is unequivocal evidence that cannabinoids possess an analgesic effect in animal models 
of neuropathic pain. This effect is mainly mediated through CB1-receptors, which are loca-
lised in the nervous system. In the peripheral nerve, cannabinoids reduce ectopic firing of 
damaged nerves and inhibit the release of pro-nociceptive neurotransmitters. In the central 
nervous system, a decreased pain threshold is normalised by cannabinoid systems (thereby 
reducing allodynia and hyperalgesia), the analgesic potential of opioids is increased, and spinal 
sensitisation is inhibited by means of noradrenergic and serotonergic descending pathways.
Both the anti-neuropathic and anti-allodynic / anti-hyperalgesic properties are promising for 
application in humans. Although anecdotal reports suggest such an analgesic effect of canna-
binoids in human subjects with neuropathic pain and stimulus-evoked pain, this effect needs 
further proof. 
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Figure 1. At present, medicinal cannabis is available in the Netherlands. Quantity and quality of the ingredients are standar-
dised, and the product is sterilised from fungi, bacteria and contains no pesticides or heavy metals. Unfortunately, cannabis 
needs to be inhaled in a rather complicated manner (by means of a vaporiser) or the patient is required to make his 
own extract (tea). Cannabinoids via oromucosal spray is currently not available in the Netherlands. Photo by K. Höner. 
Courtesy of the Bureau Medicinale Cannabis.
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As stated before, neuropathic pain is a frequently occurring, disabling disease. Current 
treatment options are still relatively poor, compared with treatment options for nociceptive 
pain. Furthermore, treatment of patients is frequently suboptimal, at the one hand due to the 
limited treatment options, but at the other hand also due to lack of diagnostic and therapeu-
tic tools to evaluate the effects of treatment.
Patients with neuropathic pain frequently report symptoms of stimulus-evoked pain, i.e. 
hyperalgesia and allodynia. By means of quantitative sensory testing (QST) the presence of 
stimulus-evoked pain can be detected and/or confirmed. Furthermore, with QST the extent 
and severity of a patient’s stimulus-evoked pain can be measured, which may contribute to a 
more objective evaluation of therapeutic interventions.
The objective of this thesis is the validation and implementation of a QST algorithm with Von 
Frey monofilaments that can be used to assess and quantify stimulus-evoked pain in patients 
with (possible) neuropathic pain.

Where are we now?
In chapter �, the principal epidemiologic statistics and clinical features of neuropathic pain 
have been described and the reader has been provided with diagnostic tools that help to 
assess the presence of neuropathic pain.
In chapter �, a review of the pathophysiological mechanisms of neuropathic pain has been 
presented, highlighting both spontaneous neuropathic pain and stimulus-evoked pain. Mo-
reover, the chapter contains an overview of the current treatment options for patients with 
neuropathic pain.
In chapter �, the concept quantitative sensory testing (QST) has been reviewed and the 
advantages and disadvantages of the main methods and testing algorithms have been out-
lined. Based on these data, a QST algorithm has been selected that is simple, practical and 
relatively cheap, and appears to yield reliable and reproducible test results in patients with 
stimulus-evoked pain due to a neuropathic pain syndrome. This QST algorithm involves the 
use of 20 Von Frey monofilaments.
In chapter �, the anti-hyperalgesic and anti-allodynic properties of cannabinoids have been 
presented in detail, to elucidate their potential usefulness as the anti-allodynic/anti-hyperal-
gesic agents in an intervention study in which the clinical relevance of QST with von Frey 
monofilaments will be tested (see below).

How will we continue?
In chapter �, a clinical study will be presented, aiming to determine a mean pain threshold of 
stimulus-evoked pain with Von Frey monofilaments in patients with chronic neuropathic pain, 
in order to obtain reference values for future treatment effect studies.
In chapter �, the clinical relevance of QST with Von Frey monofilaments in patients suffering 
from stimulus-evoked pain as a consequence of a neuropathic pain syndrome will be studied, 
by means of calculating the correlation between a change in the pain scores (NRS) and 
changes in QST responses during a therapeutic intervention. A relation between an incre-
ased pain threshold and an improvement of the perceived pain would imply clinical 
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relevance of our QST algorithm. For this purpose, a cannabis extract will be applied to influ-
ence the degree of stimulus-evoked pain.
In chapter �, the main semantic problems of the terms hyperalgesia and allodynia will be ad-
dressed, aiming to advise the reader about the interpretation of the concepts allodynia and 
hyperalgesia. 
In chapter �, a clinical study will be presented in which we implement our QST algorithm 
in patients with a chronic sports injury, to test whether the algorithm may contribute to the 
detection (and quantification) of stimulus-evoked pain and – subsequently – the detection of 
neuropathic pain mechanisms in these type of patients.
In chapter �0, it should ideally be possible to present an answer on the main question(s) 
underlying this thesis. More in detail, an answer should be given on the question, whether the 
presented QST algorithm has been proven to be of use for the detection and quantification 
of stimulus-evoked pain in patients with (possible) neuropathic pain. Next, the investigators 
should be able to advise how and when this algorithm could be used in future studies, how 
its usefulness can be maximally exploited and how potential pitfalls should be detected and 
managed using this QST algorithm in clinical practice.
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Quantifying allodynia in patients suffering from unilateral neuropathic 
pain using Von Frey monofilaments

Abstract:
Objectives: 
The aim of this study is to investigate whether quantitative sensory testing with Von Frey 
monofilaments can be used for the quantification of allodynia in patients with chronic 
neuropathic pain, and how the pain threshold of affected skin differs from healthy skin.

Methods: 
Using Von Frey monofilaments, we aimed to determine the pain threshold in 22 patients 
suffering from allodynia as a consequence of a chronic unilateral neuropathic pain syndrome. 
We performed quantitative sensory testing according to the Method of Limits protocol. We 
used the patient’s own contralateral side and 5 healthy control subjects to obtain reference 
values.

Results: 
On the affected side, we found in 20 out of 22 patients that the pain threshold could be 
determined with the monofilaments. On average, these 20 patients indicated pain upon the 
application of monofilament with logarithmic nr. 4.56, whereas no pain threshold could be 
determined on the contralateral, unaffected side and in the healthy control subjects for any 
monofilament.

Discussion: 
We showed that although aetiology and pathophysiology of allodynia vary individually, with 
Von Frey monofilaments the clinical symptom allodynia can be quantified in a simple and 
practical fashion in almost all patients.
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6.1.    Introduction
About 1 – 1.5% of the population in western countries suffers from some form of neuro-
pathic pain [Chong and Bajwa, 2003]. Neuropathic pain is a common symptom of various 
conditions, ranging from diabetic polyneuropathy to the nerve entrapment by tumours. The 
pathophysiology of neuropathic pain is extremely complex and differs amongst various pain 
syndromes.
Stimulus-evoked pain is a phenomenon that can be frequently observed in patients with 
neuropathic pain and includes allodynia and hyperalgesia [Verdugo and Ochoa, 1992; Woolf 
and Mannion, 1999; Macres et al., 1999; Bridges et al., 2001]. The International Association for 
the Study of Pain (IASP) defines allodynia as pain due to a stimulus, which does not normally 
provoke pain, and hyperalgesia as an increased response to a stimulus, which is normally 
painful [Merskey and Bogduk, 1994]. Allodynia may well be one of the most disabling physical 
symptoms in neuropathic pain [Hansson et al., 2001; Backonja, 2002]. Allodynia is manifested 
in pain resulting for example from contact between clothing and skin, or between water and 
skin when taking a shower.
The clinical symptoms allodynia and hyperalgesia can be used to evaluate the effect of the-
rapy aimed to reduce neuropathic pain. Neuropathic pain is notoriously difficult to alleviate, 
especially when compared with nociceptive pain [McQuay and Moore, 1998a+b]. In general, 
evaluation of the effect of therapeutic interventions is complicated by the fact that the varia-
ble, i.e. pain, is subjective in nature. Whereas subjective pain scores can be obtained by means 
of the Visual Analogue Scale (VAS) or the Numeric Rating Scale (NRS), more objective 
information concerning the severity of neuropathic pain can be obtained with quantitative 
sensory testing (QST) of allodynia or hyperalgesia.
Von Frey monofilaments (VFMs) are frequently used as a means of quantitative sensory 
testing to assess perception thresholds (PT) of sensory function at specific body sites, e.g. 
for quantifying hypoesthesia in diabetic polyneuropathy [Olaleye et al., 2001; Perkins et al., 
2001]. In pain research, VFMs can be used to administer painful stimuli on hypersensitive skin 
in human experimental pain conditions or to determine the size of the hypersensitive skin 
area [LaMotte et al., 1991; Mayhöfner et al., 2005; Zambreanu et al., 2005]. In rodents the 
withdrawal responses of painful hind paws can be determined with VFMs [Martin et al., 1999; 
Johanek et al., 2001].
When used in a standardised fashion, application of Von Frey monofilaments provides the 
clinical investigator with practical, reproducible and reliable test results [Bell-Krotoski and 
Tomancik, 1987; Bell-Krotoski et al., 1995]. The most important condition is that measurement 
with VFMs should occur according to a uniform and standardised protocol [PNA, 1993]. In 
the presence of stimulus-evoked pain of the skin, apart from the perception threshold, a pain 
threshold can be determined as well.
The aim of this study is to investigate whether quantitative sensory testing with Von Frey mo-
nofilaments can be used to quantify stimulus-evoked pain in patients with chronic neuropa-
thic pain, and how these thresholds differ from the healthy skin. Quantitative sensory testing 
with VFMs can be used for measuring stimulus-evoked pain irrespective of the underlying pa-
thophysiological mechanisms. Whereas thin Von Frey monofilaments stimulate low threshold 
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Aβ-fibres, thick VFMs also recruit Aδ-fibre nociceptors or even C-fibre nociceptors [Warncke 
et al., 1997; Gottrup et al., 1998; Woolf and Mannion, 1999; Ziegler et al., 1999; Graven-Nielsen 
et al., 2001]. The extent in which the different nerve fibres are involved in the – subjective 
– sensation that is perceived by the subject cannot be ascertained.
We present the mean value of pain thresholds, as determined with VFMs using the Method 
of Limits [Gruener and Dyck, 1994; Dotson, 1997], in 20 patients suffering from stimulus-evo-
ked pain as a consequence of a unilateral neuropathic pain syndrome. We will argue that 
this stimulus-evoked pain is in accordance with the IASP definition of allodynia. The pain 
threshold is defined as the logarithmic number of a Von Frey monofilament, which expresses 
the force exerted by this VFM that is reported as painful by the subject. QST on the patient’s 
own contralateral, unaffected side was performed to acquire appropriate reference values 
[PNA, 1993]. Furthermore, to exclude the possibility that a relative hypoalgesia might occur 
on the unaffected skin, we also performed QST in five healthy subjects. To our best know-
ledge, a mean pain threshold of allodynia in patients with chronic neuropathic pain has not 
been published thus far.
In this study we demonstrate that the symptom of allodynia, irrespective of the underlying 
pathophysiological mechanisms, is quantifiable in a simple and practical way with the use of 
Von Frey monofilaments.

6.2.    Materials and methods
6.2.1.        Patients and control subjects
Twenty-two patients suffering from unilateral neuropathic pain and stimulus-evoked pain 
participated in this study after giving their informed consent. The study was approved by 
the Medical Ethics Committee of the University Hospital in Groningen. In these patients, 
history and physical examination revealed the presence of allodynia, which was regarded to 
be present when a normally non-painful stimulus of any kind was considered painful by the 
patient. At the time of the inclusion, no distinction was made in type of stimulus-evoked pain 
or in medical diagnosis as a result of which the pain syndrome had arisen or in duration of 
the pain syndrome.
Patients with polyneuropathy and or diabetes mellitus were excluded, as those conditions 
may influence the outcome of QST. Drug addiction or psychiatric diseases were also consi-
dered exclusion factors. Subjects continued their (analgesic) medication.
Five control subjects, who did not suffer from pain of any kind and did not use any medi-
cation, were also included after they signed an informed consent. Originally, we intended to 
include 10 healthy subjects, however, after the study had been performed in 5 subjects, there 
was no variation of the results, therefore we decided to include no more subjects.

6.2.2.  Experimental setting
All patients underwent the experiment in a quiet room with a constant temperature of 20 
- 22 °C. Each of the examinations was carried out by the same investigator (D.K). To acclima-
tise, the patients were present in the room for 10 – 15 minutes prior to the actual quantita-
tive sensory testing procedures. During this time they were informed about the procedure 
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and the monofilaments were demonstrated to familiarise the patients with the procedure. 
Subsequently, the patients underwent the experiment lying on an examination table.
The patient was asked to point out the skin area where the stimulus-evoked pain was 
perceived as the most intense. The punctum maximum was marked by a little square (±1 
cm2) drawn on the skin. The corresponding spot on the contralateral side of the body was 
marked similarly.
QST of the control subjects was performed on the dorsum of the hand above the first 
interosseus muscle on the left or right hand; allocated at random. Again, measurements took 
place within a square drawn on the skin, in the same manner as the patients.

6.2.3.        Quantitative Sensory Testing with Von Frey monofilaments
A set consisting of twenty nylon Von Frey monofilaments with constant length and increasing 
diameter of the firm Touch TestTM (North Coast Medical, Inc.; Morgan Hill, USA) was used. 
When applied, these VFMs exert a constant force onto the tested skin. The bending of the 
VFM reduces measurement outcome artefacts resulting from movement or trembling of the 
examiner’s hand [Bell-Krotoski and Tomancik, 1987]. The VFMs are calibrated in a logarithmic 
scale from 0.008 to 300 grams (0.08 – 2943 mN), within a 5% standard deviation. Numbers 
on each monofilament ranging from 1.65 to 6.65, represent the common logarithm of 10 
times the force in milligrams [Voerman et al., 2000].
The VFMs were applied in increasing thickness on the affected and non-affected side succes-
sively - in a randomised sequence - until a pain threshold was detected. This method is called 
the ‘Method of Limits’ [Gruener and Dyck, 1994; Dotson, 1997]. The patient was asked to give 
a clear verbal signal when the stimulus was perceived as painful. We asked the patients to pay 
specific attention to the pricking sensations evoked by stimulation with the monofilaments; 
would they consider this sensation to be painful or not? Each VFM was applied three times, 
with approximately 10 seconds between two successive stimuli, to avoid temporal summa-
tion [Price et al., 1989; Warncke et al., 1997; Leung et al., 2001]. Subsequently, the procedure 
was repeated on the contralateral side.
The VFM was applied perpendicularly to the skin surface for approximately 2 seconds, until 
a bending of 3-5 mm of the VFM was produced. Patients kept their eyes closed during the 
investigation to avoid visual feedback concerning the stimuli.
The pain threshold was defined as the logarithmic number on the VFM in which at least two 
out of three applications on the affected side resulted in the perception, and subsequent re-
porting of pain, the so-called “appearance”- threshold [PNA, 1993; Dotson, 1997; Bohm-Starke 
et al., 2001]. Once a pain threshold was reached, we asked the patients to rate the amount 
of pain that was induced by the stimulus on a NRS. Next, QST was stopped. To exclude 
interference of learning effects, the side on which the examination began was randomised.

6.2.4.        Data analysis
The mean value of the pain threshold, as measured with VFMs was determined, as well as 
the standard deviation. The pain threshold is expressed as the number of the logarithmic 
scale mentioned earlier.
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6.3.    Results
The group of included patients consisted of 6 males and 16 females, with a mean age of 49.2 
years (range 24 – 78 years). The duration of their underlying pain syndromes varied from 
only a few months to several decades. The neuropathic pain was either the result of trauma, 
surgery or herpes zoster, or was due to chronic complex regional pain syndrome (CRPS) 
type 1 (see Table 1). The group of 5 control subjects consisted of 2 males and 3 females, with 
a mean age of 40.0 years (range 25 – 50 years), see also table 1.
At the time of inclusion, six patients did not use any medication, eleven used a tricyclic anti-
depressant and / or an antiepileptic drug, sometimes in combination with analgesics. None of 
the control subjects were under the influence of medication at the time of inclusion. In the 
case of the patients, the procedure of QST took approximately 5 - 10 minutes, which was
about twice as long compared to the control subjects. 
In two of the 22 patients a pain threshold could not be measured using VFMs. Although the 
presence of stimulus-evoked pain had been demonstrated during the examination of the af-
fected skin area, no pain threshold was reached with the application of any VFM.

Figure 1 is a bar diagram that illustrates the various pain thresholds as determined in the 
remaining 20 patients. All pain thresholds were above VFM log nr. 4.08 (9.8 mN) and under 
VFM log nr. 4.93 (78.5 mN). A pain threshold could neither be determined on the non-affec-
ted side for any VFM, nor in any of the control subjects.
The patients indicated that the transition from non-painful sensation to painful sensation was 
clearly noticeable; the NRS scores of the stimulus-evoked pain averaged 6.8 (range 4 – 9).
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In this study we found a mean pain threshold corresponding with the logarithmic number 
4.47, (SD = 0.25) on the affected skin, which signifies that patients suffering from stimulus-
evoked pain will on average experience VFM with log nr. 4.56 (39.2 mN) as painful (see 
Figure 1.). The standard deviation of 0.25 corresponds with two VFMs thinner or thicker than 
the VFM with log nr. 4.56.

6.4.    Discussion
Despite the heterogeneous character of the patients and their neuropathic pain syndromes, 
we showed that stimulus-evoked pain is quantifiable using Von Frey monofilaments - within 
a narrow range of deviation - in 20 of 22 of the patients. On average, these 20 patients 
indicated pain upon the application of VFM with log nr. 4.56, whereas no pain threshold could 
be determined on the contralateral, unaffected side for any VFM or in any of the control 
subjects. Several aspects of this method of QST need further consideration.
Although thick VFMs evoke a pricking sensation on unaffected skin, none of the patients or 
control subjects described this pricking sensation as pain. Therefore, we decided to call the 
patient’s stimulus-evoked pain ‘allodynia’ instead of (pinprick or punctate) ‘hyperalgesia’. The 
IASP definition of pain also explicitly states that “experiences which resemble pain but are 
not unpleasant, e.g. pricking, should not be called pain” [Merskey and Bogduk, 1994].
Despite the presence of allodynia, which had been established during history taking and 
physical examination, a pain threshold could not be determined in 2 of the 22 patients. 
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Figure 1: Exerted force for each Von Frey monofilament and corresponding number of patients that considered the 
application of the VFM as painful.

Logarithmic number of Von Frey monofilament that evoked a pain response 
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Several explanations may account for this finding. First, a primarily psychogenic cause of allo-
dynia or insufficient co-operation may frustrate the outcome of quantitative sensory testing 
by inconsistent reporting [Dotson, 1997]. Second, it is not exactly known to what extent the 
different subtypes of afferent nerve fibres - Aβ, Aδ or C fibres - are stimulated by the various 
VFMs [Warncke et al., 1997; Gottrup et al., 1998; Woolf and Mannion, 1999; Ziegler et al., 1999; 
Graven-Nielsen et al., 2001]. Since the involvement of one of these subtypes of afferent nerve 
fibres may predominate in a patient’s clinical symptom of allodynia, it is possible that the 
dominant subtype of afferent fibre is not activated sufficiently with VFMs in order to reach 
a pain threshold. To elucidate the extent in which the different types of afferent fibre are 
involved in the perception of the different VFMs, future studies using differential nerve blocks 
would be needed.
We think that wind-up-like pain or temporal summation did not influence the outcome of 
our measurements, due to the intervals of over 10 seconds between stimuli with the succes-
sive stimuli (0.1 Hz). Wind-up-like pain, lowering of the pain threshold, has shown to be evo-
ked when stimuli are applied at a frequency of 0.3 Hz or higher [Price et al., 1989; Warncke et 
al., 1997; Leung et al., 2001]. We assumed that no significant loss of attention occurred during 
the brief period when QST was performed.
Apart from quantitative sensory testing, Von Frey monofilaments have also been deployed 
for investigating the qualitative aspects of sensory function, i.e. to determine the presence of 
hyposensibility or hypersensibility. In patients with diabetic polyneuropathy, VFMs can be used 
to assess whether nerve function is compromised, as is described by Olaleye et al. (2001) 
and Perkins et al. (2001). In these two studies, the hallux of each foot was stimulated with 
one specific Von Frey monofilament, while the patient was asked to respond if the stimulus 
was perceived. This screening method enables clinicians to rapidly assess the presence of  
impaired sensory function. However, no information is obtained concerning the severity of 
the sensory impairment.
The severity of sensory dysfunction can be determined in various manners. The first method 
is to measure or ‘map’ the area of altered sensibility, by changing the location where the VFM 
is applied on the skin. A change in the size of the skin area where the stimulus-evoked pain is 
located, can aid in evaluating the effect of therapeutic interventions [Leung et al., 2001; Wal-
lace et al., 2002a; Koppert et al., 2005; Schulte et al., 2005].
An alternative method to quantify the severity of stimulus-evoked pain, is to apply a stimulus 
following which the patient is asked to rate the severity of pain on a Visual Analogue Scale or 
Numeric Rating Scale [Belfrage et al., 1995; Wallace et al., 2002a+b]. The major disadvantage 
of this method of QST, however, is that VAS and NRS scores are highly subjective.
Finally, the smallest stimulus intensity needed to evoke a response can be determined. 
For example, Voerman et al. (2000) measured sensory detection thresholds in patients with 
chronic cervicobrachialgia, by applying VFMs of increasing thickness on the skin according to 
the Method of Limits protocol, after these patients had undergone a diagnostic dorsal root 
blockade. The patients were asked to respond as soon as the stimulus was felt. The detection 
threshold was expressed as the physical force exerted by the smallest monofilament that 
evoked the patient’s response. Similarly, Wallace et al. (2002a) measured both sensory detec-
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tion thresholds and pain thresholds with Von Frey monofilaments after infusion of analgesics 
in healthy subjects in whom pain had been induced with intradermal capsaicin injections.
Although we used a comparable design in our study, several differences in methodology war-
rant further discussion. Wallace and co-workers used Von Frey monofilaments to measure 
both sensory detection thresholds and pain thresholds; we only measured pain thresholds. 
They selected the monofilaments at random, whereas we applied always the same ascending 
order of monofilaments. In both studies, the pain threshold was expressed as the smal-
lest force needed to evoke a response from the subject, however, Wallace and co-workers 
measured sensory thresholds with a methodology that appears to be more complex than 
the Method of Limits. Finally, Wallace and co-workers asked their subjects to report “discom-
fort”, rather than “pain” as we did [Wallace et al., 2002a].
A mean pain threshold measurement with VFMs according to the Method of Limits protocol, 
in patients with allodynia as a consequence of a neuropathic pain syndrome, has not been 
published before. In this study, we showed that, although the aetiology and pathophysiology 
of allodynia vary, quantification of this symptom with VFMs using the Method of Limits is 
simple and practical in almost all the patients with allodynia (20 of 22). Future studies are 
needed to evaluate the response of these pain thresholds to therapeutic interventions, in or-
der to demonstrate that this method of QST can also measure a change in (hyper)sensibility 
following treatment.
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Assessment of the clinical relevance of quantitative sensory testing with Von Frey 
monofilaments in patients with allodynia and neuropathic pain. A pilot study.

Abstract
Allodynia is a common and disabling symptom in many patients with neuropathic pain. 
Whereas quantification of pain mostly depends on subjective pain reports, allodynia can also 
be measured objectively with quantitative sensory testing (QST). In this pilot study, we in-
vestigated the clinical relevance of quantitative sensory testing with Von Frey monofilaments 
in patients with allodynia as a consequence of a neuropathic pain syndrome, by means of 
correlating subjective pain scores with pain thresholds obtained with QST.
During a four-week trial we administered a cannabis extract to 17 patients with allodynia. 
We quantified the severity of the allodynia with Von Frey monofilaments before, during and 
after the patients finished the trial. We also asked the patients to rate their pain on a Nume-
ric Rating Scale at these three moments.
We found that most of the effect of the cannabis occurred in the last two weeks of the trial. 
In this phase, we observed that the pain thresholds, as measured with Von Frey monofila-
ments, were inversely correlated with a decrease of the perceived pain intensity.
These preliminary findings indicate clinical relevance of QST with Von Frey monofilaments in 
the quantification of allodynia in patients with neuropathic pain, although confirmation of our 
data is still required in further studies to position this method of QST as a valuable tool, for 
example in the evaluation of therapeutic interventions for neuropathic pain.
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7.1.    Introduction
In many patients with neuropathic pain, the presence of allodynia can be observed [Macres 
et al., 1999; Woolf and Mannion, 1999; Bridges and Thompson, 2001]. Allodynia, defined by 
the International Association for the Study of Pain (IASP) as pain caused by a stimulus that 
would not normally evoke pain, can be demonstrated when, for example, lightly rubbing the 
affected skin is found to be painful [Merskey and Bogduk, 1994]. It is a very disabling physical 
symptom that frequently co-occurs with hyperalgesia in neuropathic pain syndromes [Hans-
son et al., 2001; Backonja, 2002]. Allodynia can be produced by the action of low threshold 
Aβ-fibres on an altered central nervous system, but it may also be the consequence of 
hyperexcitation of nociceptor terminals in the periphery [Woolf and Mannion, 1999]. To 
determine the exact underlying pathophysiological mechanisms of a patient’s allodynia is diffi-
cult if not impossible in clinical practice.
As spontaneous stimulus-independent pain is always subjective; evaluation of the efficacy of 
analgesic treatment thus depends on a subjective effect size, such as a Visual Analogue Scale 
(VAS) or Numeric Rating Scale (NRS). This single-dimension subjective scaling does not 
differentiate between sensory and affective components of pain and addresses the complex 
nature of the experience as a whole [Chapman and Syrjala, 1990; Atcheson, 2001].
In patients with neuropathic pain, the presence of stimulus-evoked pain, such as allodynia, can 
be used to evaluate the sensory-discriminative aspects of pain more specifically with quan-
titative sensory testing (QST). QST can thus be used to evaluate treatment outcome more 
objectively [Edwards et al., 2005].
Methods for the quantification of stimulus-evoked pain should ideally be simple to execute 
and yield standardized, validated and reproducible results [Peripheral Neuropathy Association, 
1993]. Furthermore, the method used should be clinically relevant.
In this pilot study, we investigated the clinical relevance of quantitative sensory testing with 
Von Frey monofilaments in patients suffering from allodynia as a consequence of a neuropa-
thic pain syndrome. Despite its heterogeneity, the clinical symptom allodynia can be quanti-
fied within a narrow range of deviation using Von Frey monofilaments [Keizer et al., 2007]. 
Importantly, QST with Von Frey monofilaments is simple in clinical practice and yields reliable 
and reproducible results [Bell-Krotoski and Tomancik, 1987; Mikkelsen et al., 2004]. We calcula-
ted the correlation between a change in the clinical pain (NRS) and changes in QST respon-
ses during a therapeutic intervention (see below). A relation between an improvement of 
the perceived pain and an increased pain threshold would imply clinical relevance 
of QST with the monofilaments [Edwards et al., 2005].
In order to achieve intra-individual variation of the intensity of allodynia, we chose to admi-
nister a whole-plant cannabis extract to the patients. Cannabis has been shown to improve 
allodynia and hyperalgesia in animal studies and in one study with experimental neuropathic 
pain in humans [Campbell et al., 2001; Kumar et al., 2001; Iversen and Chapman, 2002; Rukwied 
et al., 2003]. During a four-week period, we administered this cannabis extract to 17 patients 
who suffered from allodynia as a consequence of a unilateral neuropathic pain syndrome.
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7.2.    Methods
Twenty patients suffering from unilateral neuropathic pain and allodynia participated in this 
study after giving their informed consent. The study was approved by the Medical Ethics 
Committee of the University Medical Centre Groningen. In these patients, history and physi-
cal examination revealed the presence of neuropathic pain and allodynia. Neuropathic pain 
was diagnosed in all the patients, as there was no tissue damage or nociception that caused 
the pain; the pain was located in the distribution area of specific nerves or in one or more 
dermatomes and there was stimulus-evoked pain. Allodynia was diagnosed when the light 
stroking of the skin was reported as painful on the affected skin.
Patients suffering from polyneuropathy or diabetes mellitus were excluded, as those con-
ditions are associated with hypoesthesia and may subsequently influence the outcome of 
QST. Drug addiction and psychiatric conditions were also considered as exclusion factors. All 
patients were Caucasian, Dutch was their native language. The patients continued their usual 
(analgesic) medication and they and their doctors were asked not to change medication or 
dosage without consulting one of the members of our research team.
During the first visit (T0) the procedure was explained, QST with Von Frey monofilaments 
was performed and three grams of whole-plant cannabis were given in three separate en-
velopes. The patients were instructed to suspend a tea ball containing one gram of cannabis 
for twenty minutes in one litre of boiling water. Each night, just before sleeping, the patients 
drank 200 ml. of this tea. They were free to choose whether they preferred the tea warm or 
cold, and with or without sugar or milk. The remaining tea was preserved in the refrigerator.
Two weeks later (T1), the patient was asked if he had noticed any effects caused by the use 
of cannabis, either analgesia or side effects. If the patient had not noticed any effect, the dose 
was doubled, which meant an extra cup of cannabis-tea to be taken each morning. QST with 
Von Frey monofilaments was then performed, as well as at the end of the trial two weeks 
later (T2), when the cannabis was discontinued.

7.2.1.        Experimental setting
All patients underwent the measurements in a quiet room with a constant temperature 
of 20 - 22 °C. Each of the examinations was carried out by the same investigator (D.K). To 
acclimatise, the patients were present in the room for about 10 minutes prior to the actual 
investigation. During this time the patients were informed about the procedure and the mo-
nofilaments were demonstrated to familiarise the patients with the procedure. Subsequently, 
the patients were investigated while lying comfortably on an examination table.
The patient was asked to point out the skin area where allodynia was perceived as the 
most intense. The punctum maximum of the allodynia was marked with a little square (±1 
cm2) drawn on the skin. The corresponding spot on the contralateral side of the body was 
marked similarly. These locations were documented in the patient’s medical record for the 
subsequent measurements two and four weeks later.
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7.2.2.        Subjective pain scores
The patient was asked to indicate the severity of the pain of that moment on a Numeric 
Rating Scale (NRS), which implied that the patient attributed a number to the perceived pain 
on the affected skin, ranging from 0 (no pain) to 10 (worst pain imaginable).

7.2.3.        Quantitative Sensory Testing
A kit consisting of twenty nylon Von Frey monofilaments with increasing diameter of the 
firm Touch TestTM (North Coast Medical, Inc.) was used for QST. When applied on the skin, 
monofilaments exert a constant force, as the monofilament bends. This bending reduces 
measurement outcome artefacts resulting from movement or trembling of the examiner’s 
hand [Bell-Krotoski and Tomancik, 1987].
The monofilaments are calibrated in a logarithmic scale from 0.008 to 300 grams (0.08 
– 2943 mN.), within a 5% standard deviation. Numbers on each monofilament ranging from 
1.65 to 6.65, represent the common logarithm of 10 times the force in milligrams [Voerman 
et al., 2000].
The monofilaments were applied in increasing thickness (method of limits) on the affected 
and non-affected side successively, in a randomised sequence, until a pain threshold was 
detected. The patient was asked to give a clear verbal signal when the stimulus was perceived 
to be painful. Each monofilament was applied three times, with approximately 10 seconds 
between two successive stimuli, to avoid temporal summation [Price et al., 1989; Gruener and 
Dyck, 1994]. Subsequently, the procedure was repeated on the contralateral side.
The monofilament was applied perpendicularly to the skin surface for approximately 2 
seconds, until a bending of 3-5 mm of the monofilament was produced. Patients kept their 
eyes closed during the investigation to avoid visual feedback concerning the stimuli.
The pain threshold was defined as the logarithmic number on the monofilament in which 
at least two out of three applications on the affected side resulted in the perception, and 
subsequent reporting of pain, the so-called “appearance”- threshold [Peripheral Neuropathy 
Association, 1993; Dotson, 1997]. Once a pain threshold was reached, QST was stopped. QST 
of the unaffected side was also performed to obtain baseline values.
The duration of the procedure was 10 - 15 minutes. We assumed that no significant loss of 
attention occurred during this procedure.

7.2.4.        Cannabis extract
We used standardised whole plant cannabis produced by the firm Maripharm®, (Rotterdam, 
The Netherlands). This cannabis has been sterilized for microbial contamination by means of 
gamma-irradiation. According to European Pharmacopoeia (EP)-requirements, the cannabis 
contains an acceptably small quantity of pesticides and metalloids. In our hospital’s depart-
ment of pharmacy, we measured the tetrahydrocannabinol (THC), cannabinol (CBN) and 
cannabidiol (CBD) contents in the cannabis (18 samples) and the extract (6 samples) by a 
validated GC-MS method. The mean concentration for THC in the cannabis was 6% ± 0.9% 
(mean ± SD) and in the cannabis-extracts 1% ± 0.2% (mean ± SD). CBN and CBD were 
found neither in the tea bags nor in the extract.
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7.2.5.        Statistical analysis
For the subjective (NRS) scores as well as the pain thresholds measured with the monofila-
ments, difference scores were calculated between the various time points (T0, T1 and T2). To 
investigate the relation between the change in pain thresholds and the change in NRS scores, 
two-tailed Pearson correlation coefficients were calculated. For all statistical calculations in 
this study, p-values smaller than 0.05 were considered statistically significant.

7.3.    Results
7.3.1.        Baseline characteristics of the patients
Initially, the selected group of patients consisted of 6 males and 14 females. Three patients 
were lost to follow-up; one because of the development of oedema in both legs and two 
other patients because of insufficient ability to co-operate. The data of the remaining 17 
patients (5 males, 12 females) were analysed. Their mean age was 47.1 years (range 27 – 61 
years). The duration of their underlying pain syndromes varied strongly and differed from 
only a few months to several decades (see Table 1). The neuropathic pain was either the 
result of surgery (12), trauma (2), stroke (1), or had a (pseudo)-radicular origin (2).
At the time of inclusion, five patients did not use any medication, two patients used a non 
steroidal anti-inflammatory drug (NSAID) and ten patients used a tricyclic antidepressant 
and / or an antiepileptic drug, sometimes in combination with other analgesic drugs (Table 1).

Table 1: Characteristics of included patients; age, gender, diagnosis, duration of pain and medication use are displayed.

Patient nr.   Age   Sex    Neuropathic pain due to:    Duration of pain (months)   Use of medication 
                                              1

2

3

4

5

6

7

8

9

10

 

11

12

13

14

15

16

17

52

37

27

56

54

41

56

56

43

45

48

59

52

31

37

46

61

F

F

F

M

M

M

F

F

F

F

F

F

F

F

M

F

M

surgery

surgery

surgery

(pseudo)-radicular

irritation

surgery

surgery

surgery

surgery

surgery

stroke following

head trauma

surgery

surgery

surgery

surgery

trauma

(pseudo)-radicular

irritation

surgery

60

5

100

22

72

300

54

19

54

25

30

65

60

15

10

35

500

none

none

ibuprofen

none

gabapentin

none

amitriptyline 

gabapentin/tramadol

amitriptyline/temazepam

gabapentin

gabapentin 

naproxen/tramadol

morphine

amitriptyline/paracetamol/

codeine/gabapentin

gabapentin/tramadol

amitriptyline

none
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7.3.2.        Subjective effects and side-effects
At T1, two of the 17 participating patients indicated to perceive less pain and experienced an 
improved sense of well being. In these patients the dose was not increased. In the remaining 
15 patients the dose was increased, as they described no subjective effect of the cannabis at 
that moment.
None of the patients that enrolled in this study dropped out because of side-effects. In most 
patients (15/17) no side-effects occurred at all. However, when side-effects did occur (2/17), 
they were considered as mild by the participating patients. One patient described a mild 
transitory redness of the eyes; the other patient had experienced a mild dizziness. Seven 
patients described an improved sense of well being after completing the trial.

7.3.3.        Quantitative sensory testing and subjective pain report
T

1
 – T

0
: For the first two weeks of the study, the correlation between the change in pain 

thresholds and the change in subjective pain scores was 0.008 (p = 0.976), indicating no rela-
tion between the measured difference in pain thresholds and the difference in the reported 
pain.
T

2
 – T

0
: For the whole four-week period, the correlation between the change in pain 

thresholds and the change in subjective pain scores was –0.426 (p = 0.088).
T

2
 – T

1
: During the last two weeks of the study, the correlation between the change in pain 

thresholds and the change in subjective pain scores was –0.501 (p = 0.040) indicating a 
relation that is statistically significant (see Figures 1a,b and c).

On the contralateral, unaffected side no pain threshold could be determined in 16 of the 
17 patients at any time in the study. One patient, with post-operative neuropathic pain as a 
result of paramedian abdominal surgery, also experienced the application of thick Von Frey 
monofilaments on the contralateral healthy skin as painful. She rated her pain of the affected 
skin to be 10 on the NRS on T0, T1 and T2.

Figure 1: In the first two weeks of the trial no relation between the pain thresholds and subjective pain scores was ob-
served (a). During the last two weeks of the trial, the increase in pain threshold correlated significantly with a decreased 
NRS-score (c). The correlation that was calculated for the whole four-week period did not reach statistical significance (b).
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7.4.    Discussion
Pain is always subjective [Merskey and Bogduk, 1994]. The subjective nature of pain poses 
pain researchers and clinicians involved in the treatment of pain for the problem of how to 
quantify pain in order to evaluate therapeutic interventions as objectively as possible. In the 
case of neuropathic pain, concomitant symptoms such as allodynia and hyperalgesia can be 
used to quantify the severity of the pain by means of quantitative sensory testing [Edwards 
et al., 2005].
Our pilot study indicated clinical relevance of QST with monofilaments of allodynia in 
patients suffering from neuropathic pain, since the measured pain threshold is negatively 
associated with a decrease of the perceived pain intensity. These results are in agreement 
with other studies in which a relation between QST responses and clinical pain was found 
[Sorensen et al., 1997; Edwards et al., 2005].
Several aspects of this study need further consideration. With respect to terminology, we 
used the IASP definitions of allodynia and hyperalgesia in this study. We realise that many 
authors use the term ‘punctate hyperalgesia’ to indicate the pain following the application of 
Von Frey monofilaments. However, we did not use the word ‘hyperalgesia’ since the appli-
cation of the monofilaments on unaffected skin was not considered painful by the control 
subjects and in all patients except one. We therefore preferred the term ‘allodynia’.
We chose to use a cannabis-extract to influence the severity of the patients’ allodynia, as ani-
mal studies show that cannabinoids are capable of decreasing the intensity of certain types of 
stimulus evoked pain, i.e. hyperalgesia and allodynia. In rats, low dose cannabinoids are even 
capable of reducing allodynia and hyperalgesia, without producing unacceptable side-effects 
[Martin et al., 1999; Kumar et al., 2001; Iversen and Chapman, 2002; Farquhar-Smith, 2002]. In 
human subjects, the topically administered synthetic cannabinoid agonist HU210 attenuated 
capsaicin-induced touch-evoked allodynia [Rukwied et al., 2003]. Of all cannabinoids, the ef-
ficacy of (�9-)THC against allodynia and hyperalgesia has been studied most extensively. In 
order to change the patients’ allodynia, we needed to use a THC-containing cannabis-extract.
Three patients were lost to follow up during the study. One female patient was excluded 
during the trial, because of aggravation of pre-existing oedema in both legs that influenced 
sensory function. She was referred to back her general practitioner for diagnostic work-up. 
Two other patients were excluded due to insufficient co-operation. One of these patients 
failed to comply with the protocol due to hypochondriasis, while the other patient was 
unable to produce the cannabis-extract adequately. The latter is an obvious disadvantage in 
general; although not difficult, the complexity of this procedure can lead to mistakes.
As stated earlier, a relation between an improvement of the clinical pain and an increased 
pain threshold would imply clinical relevance of QST with the monofilaments. In this study, 
we found a clear increase of the pain thresholds, however, the decrease of the clinical pain 
was not statistically significant. Probably, the number of patients that participated in this study 
was too small, or the quantity of ingested cannabinoids may have been inadequate, to detect 
this effect. The change in pain thresholds - as measured with the Von Frey monofilaments 
- and NRS scores, predominantly occurred in the last two weeks of the trial (see below). It 
was in this period (T2 - T1) that we found a statistically significant correlation between QST 
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responses and pain report.
Our finding that the change in pain thresholds and pain report mainly occurred in the last 
two weeks of the trial, may be explained by a delayed efficacy of the cannabis. Another pos-
sibility that cannot be ruled out is habituation to the testing procedure. However, we regard 
the latter possibility to be unlikely, since the patients had been familiarised with the testing 
procedure prior to the actual study. Furthermore, the measurements took place only three 
times in total, with two-week intervals. A delayed efficacy of cannabis as an explanation for 
the change in pain thresholds and pain report is more likely, and may be caused by rapid 
redistribution of cannabinoids in the body. As a consequence, an effective plasma level of 
THC is reached only after repeated dosage. Cannabinoids have a long elimination half-life 
of up to multiple days, due to extensive uptake in the fatty tissues from where slow release 
takes place [Mather, 2001]. In comparison, many drugs with a known analgesic effect against 
neuropathic pain, e.g. tricyclic antidepressants, also exert a therapeutic effect with a delayed 
onset of a few days to several weeks [Macres et al., 1999]. Finally, the placebo-effect may also 
account for the change in pain thresholds and pain report, as no control group was included 
in this study.
In conclusion, we demonstrated that an increased pain threshold correlated significantly with 
a decreased report of pain in this pilot study. We conclude that these preliminary findings 
suggest that quantitative sensory testing with Von Frey monofilaments is a clinically relevant 
method in patients with allodynia and neuropathic pain,  although larger studies are needed 
for further proof.
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Abstract
The International Association for the Study of Pain (IASP) defines allodynia as pain due to a 
stimulus which does not normally provoke pain and hyperalgesia as an increased response to 
a stimulus which is normally painful. However, does “normally painful” mean “any stimulation 
of nociceptors” or “the subjective pain response”?
We argue that “normally painful” should not mean “any stimulation of nociceptors”, as Von 
Frey monofilaments may evoke a pricking sensation – which implies the involvement of no-
ciceptors – without necessarily leading to a subjective pain perception. In this paper, we pro-
pose that the diagnosis of either allodynia or hyperalgesia should be based on the patient’s 
report, i.e. painful vs. not painful, rather than on the (sub)type of afferent fibre involved.
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8.1.    Introduction
Quantitative sensory testing (QST) is routinely performed in patients with neuropathic pain 
in order to quantify stimulus-evoked pain. Stimulus-evoked pain is a phenomenon that can 
be frequently observed in these patients and can be further subdivided in allodynia and 
hyperalgesia [Woolf and Mannion, 1999; Macres et al., 1999; Bridges et al., 2001]. As we will 
describe below, the use of these terms may be misleading, possibly frustrating the interpreta-
tion of research in the field of quantitative sensory testing. For example, multiple definitions 
for the term ‘hyperalgesia’ are currently used (see Table 1).

In 1994, the Subcommittee on Taxonomy of the International Association for the Study of 
Pain (IASP) formulated a widely accepted definition of pain and its associated symptoms 
(see Table 2). In our opinion, the IASP-definition of hyperalgesia gives rise to a dilemma; does 
“normally painful” mean (1) any stimulation of nociceptors or (2) the subjective pain res-
ponse?  Both interpretations are possible. Cronje and Williamson (2006) wrote an interes-
ting article on this topic, in which they expressed their surprise that the word ‘normal’ is 
ubiquitously used in the IASP Pain Terminology, while its precise definition is not determined 
[Cronje and Williamson, 2006].
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Table 1. Four different authors, four different descriptions of the concept ‘hyperalgesia’.

Source        Hyperalgesia
                                              
   IASP;  
   [Merskey and Bogduk, 1994] 

   Adams and Victor’s Principles of Neurology; 
   [Victor and Ropper, 2001]
       
   Textbook of pain,  
   [Wall and Melzack, 1999]  
       
   Stedman’s Medical Dictionary, 27th ed. 1997 

An increased response to a stimulus 
which is normally painful

An increased sensitivity and a lowered 
threshold to painful stimuli

A lowered threshold for pain and pain 
to suprathreshold stimuli is enhanced

Extreme sensitivity to painful stimuli 

Table 2. Definitions of pain, allodynia and hyperalgesia according to the IASP Pain Terminology [Merskey and Bogduk, 1994].

Concept          Definition
                                              
   Pain 
   

   Allodynia

   Hyperalgesia 

An unpleasant sensory and emotional experience associated 
with actual or potential tissue damage, or described in terms 
of such damage

Pain due to a stimulus which does not normally provoke pain 
       
An increased response to a stimulus which is normally painful 
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In this paper we address what we perceive to be the semantic ambiguity regarding the con-
cepts ‘hyperalgesia’ and ‘allodynia’. We argue that the difference between the two becomes 
less obvious in clinical practice, where the boundary between painful and non-painful is less 
clear-cut.
The main objective of this paper is to invite clinicians and researchers to carefully examine 
the semantics of the terms ‘allodynia’ and ‘hyperalgesia’ and to join us in the discussion.

8.2.    Hyperalgesia or allodynia?
To illustrate our point, we refer to the results of a study that we performed in a group of 
patients suffering from stimulus-evoked pain [Keizer et al., 2007]. In this study, we tried to 
determine a mean pain threshold with Von Frey monofilaments in 22 patients who were suf-
fering from unilateral stimulus-evoked pain due to a neuropathic pain syndrome. We applied 
the Von Frey monofilaments of variable stiffness on the affected and on the contralateral 
non-affected skin, according to the Method of Limits protocol. We asked the patients to 
indicate whether they perceived the application of the monofilament as painful or not. We 
also included 5 healthy subjects for QST according to the same protocol. Further details on 
the procedure are to be found in the original paper.
As an interesting, additional finding we discovered that, while in 20 of the 22 patients a pain 
threshold could be determined on the affected skin, none of the Von Frey monofilaments 
were regarded as painful when applied on the non-affected skin. As a result, we concluded 
that we had provoked pain with a stimulus that is normally not painful and had therefore 
measured allodynia. This conclusion, however, does not agree with the leading opinion in 
medical literature [Ochoa, 2003; Treede et al., 2004], which implies that QST with Von Frey 
monofilaments measures (punctate) hyperalgesia.
As mentioned before, the IASP defines allodynia as pain due to a stimulus which does not 
normally provoke pain. The light stroking of the skin is an example of such an innocuous 
stimulus, which may be perceived as painful on allodynic skin. In contrast, hyperalgesia is 
defined as an increased response to a stimulus that is normally painful [Merskey and Bogduk, 
1994]. According to these definitions, it is therefore the nature of the stimuli, normally painful 
vs. normally non-painful, which determines the difference between the two. Although this ap-
pears to be straightforward, one question arises: what exactly is “a normally painful stimulus”?
During the execution of our study, which was originally intended to measure pain thresholds 
in patients with stimulus-evoked pain, we noticed that none of the Von Frey monofilaments 
elicited a pain response on healthy skin; neither in the patients nor in the control subjects. 
Although a mild pricking sensation was generally present upon the application of thicker 
Von Frey monofilaments, the patients and subjects clearly indicated that they did not regard 
this as painful. The IASP definition of pain, states explicitly that “experiences which resemble 
pain but are not unpleasant, e.g., pricking, should not be called pain”. We therefore could not, 
in the absence of algesia, identify hyperalgesia. Pain is not merely the consequence of the 
stimulation of nociceptors; pain is a complex sensory and emotional experience [Merskey 
and Bogduk, 1994].
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8.2.1.        Different subtypes of stimulus-evoked pain
Most of the research in the field of QST has focused on hyperalgesia, which has led to the 
distinction of three different subtypes during the 1990s: dynamic, static and punctate hype-
ralgesia (see below) [Koltzenburg et al., 1992 + 1994; Handwerker and Kobal, 1993; Ochoa 
and Yarnitsky, 1993; Kilo et al., 1994; Woolf and Mannion, 1999]. The subdivision of hyperalgesia 
into these three different subtypes has been based mainly on differences in the postulated 
underlying pathophysiological mechanisms.
Dynamic hyperalgesia: Stimuli that can be administered to provoke dynamic hyperalgesia 
include the light stroking of the affected skin [Ochoa and Yarnitsky, 1993]. Since this form of 
cutaneous stimulation is certainly non-painful on normal skin, this dynamic hyperalgesia is also 
referred to as ‘brush-evoked allodynia’ or ‘low threshold mechanoreceptor mediated allodynia’.
Dynamic hyperalgesia is thought to be mediated by low threshold (Aβ) afferent fibres, with 
the perception of pain being the consequence of sensitisation and misinterpretation in the 
central nervous system [Torebjörk et al., 1992; Koltzenburg  et al., 1992 + 1994; Kilo et al., 
1994]. On the other hand, it may also be mediated by sensitised nociceptors (high threshold 
Aδ- and C- afferent fibres), which would normally respond only to noxious, high intensity 
stimulation [LaMotte et al., 1991; Ochoa, 2003]. Consequently, the pain resulting from the light 
stroking of the skin may be the result of stimulation of either type of afferent fibre.
Several aspects of the concept dynamic hyperalgesia need further consideration. ‘Allodynia’ 
is often referred to as a synonym for ‘dynamic hyperalgesia’ [Magerl et al., 1998; Woolf and 
Mannion, 1999; Ziegler et al., 1999; Treede et al., 2004]. According to the IASP definition of hy-
peralgesia, however, any method of QST to test hyperalgesia should also be normally painful, 
i.e. painful on corresponding, non-affected skin. Obviously, the light stroking of the skin is not 
normally painful. As a result, this method of QST does not test hyperalgesia, it tests allodynia.
We argue that there is no place for the concept ‘dynamic hyperalgesia’ in the field of quanti-
tative sensory testing. 
Static hyperalgesia: Stimuli that can be administered to provoke static hyperalgesia include 
applying firm pressure, pinching, stretching or squeezing to the skin [Koltzenburg et al., 1992; 
Ochoa and Yarnitsky, 1993; Kilo et al., 1994]. Static hyperalgesia is thought to be mediated 
mainly by Aδ- and C- nociceptors and results from sensitisation of these peripheral nocicep-
tors [Ochoa and Yarnitsky, 1993; Warncke et al., 1997; Woolf and Mannion, 1999]. However, in-
put from Aδ-nociceptors may also be exaggerated within the central nervous system [Ziegler 
et al., 1999; Treede and Magerl, 2000]. Furthermore, stimuli that provoke static hyperalgesia, 
e.g. firm pressure on the skin, will inevitably activate low threshold Aβ-fibres. Thus, multiple 
neurophysiological mechanisms may underlie the clinical phenomenon of static hyperalgesia.
Punctate hyperalgesia: Punctate hyperalgesia can be evoked by applying a pin or Von Frey 
monofilaments onto the affected skin [Magerl et al., 1998; Ziegler et al., 1999]. Punctate 
hyperalgesia is thought to be mediated mainly by Aδ- nociceptors [Kilo et al., 1994; Ziegler et 
al., 1999]. Von Frey monofilaments (VFMs) are frequently used to test punctate hyperalgesia. 
Thin VFMs stimulate Aβ-afferents, however, thick VFMs will stimulate Aδ-fibre nociceptors as 
well, due to the sharp edges of the monofilaments [Ziegler et al., 1999; Graven-Nielsen et al., 
2001]. In case of peripheral sensitisation, C-fibre nociceptors may also be involved [Warncke 
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et al., 1997; Gottrup et al., 1998; Woolf and Mannion, 1999; Ziegler et al., 1999; Graven-Nielsen 
et al., 2001]. As we mentioned above, there is evidence for an exaggerated response to 
Aδ-nociceptive input at spinal level, suggesting that central sensitisation also plays a role in 
punctate hyperalgesia [Ziegler et al., 1999]. Hence, when Von Frey monofilaments are used 
to quantify punctate hyperalgesia, it cannot be determined to what extent these different 
pathophysiological mechanisms are involved.
In conclusion, current stimulation methods are too crude to be able to discriminate between 
the three subtypes of hyperalgesia on the basis of the underlying pathophysiological me-
chanisms, of which our knowledge is still incomplete. Furthermore, it does not automatically 
suffice to identify any clinical or neurophysiological phenomenon that involves nociceptors as 
hyperalgesia.

8.3.    Quantification of hyperalgesia and allodynia 
Different pathophysiological mechanisms often coexist in neuropathic pain. The clinical 
symptoms that correspond with the two concepts allodynia and hyperalgesia are therefore 
likely to co-occur in patients with neuropathic pain. However, with the careful use of QST, a 
distinction between the two subtypes of stimulus-evoked pain can well be made, based on 
clinical findings rather than based on the assumed underlying pathophysiological mechanisms.
In order to quantify the intensity of stimulus-evoked pain in general, the pain threshold is de-
termined on affected skin, e.g. using the Method of Limits [Peripheral Neuropathy Association, 
1993; Gruener and Dyck, 1994; Dotson, 1997]. The pain threshold can then be expressed as 
the intensity of the stimulus needed to evoke the subject’s verbal pain response.
In order to quantify hyperalgesia, the (subjective) pain intensity following a stimulus that also 
evokes pain on healthy skin needs to be assessed with a VAS or NRS. After all, the stimulus 
intensity needed to evoke a pain response is not abnormal; it is the pain response that is 
exaggerated.
In order to quantify allodynia, the lowest intensity of a non-painful stimulus needed to evoke 
a pain response on the affected skin, i.e. pain incidence, can be measured [Baumgärtner et al., 
2002; Treede et al., 2004]. This option implies the measurement of stimulus intensity, not pain 
(e.g. degrees Celsius as with thermal QST [Verdugo and Ochoa, 1992]). The advantage of this 
method is that allodynia can be quantified objectively, since the subjective response of the 
patient is reduced to either “yes (it was painful)” or “no (it was not painful)”.
Taking the above into account; is hyperalgesia a valuable additional parameter in clinical QST 
with Von Frey monofilaments or a source of semantic confusion and of limited clinical value?

8.4.    Conclusion
Quantitative Sensory Testing of hypersensitive skin in patients with neuropathic pain is 
important for both clinicians and researchers. Ideally, with QST, stimulus-evoked pain should 
be quantifiable with a reasonable degree of objectivity, in a reliable and reproducible manner. 
Furthermore, it is important that it should be clear which subtype of stimulus-evoked pain is 
quantified, in order to avoid ambiguous results.
We observed that Von Frey monofilaments that evoked a pain response in patients suf-
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fering from stimulus-evoked pain did not evoke a pain response when applied on healthy, 
unaffected skin, even though this sensation was frequently described as pricking. None of 
the patients or healthy subjects, however, regarded this pricking sensation to be painful. Thus, 
we diagnosed the stimulus-evoked pain in our patients to be allodynia, since stimulation of 
normal skin with Von Frey monofilaments is not painful.
We have found that the leading opinion in medical literature states that with Von Frey mo-
nofilaments (punctate) hyperalgesia can be measured. This opinion is based on evidence that 
punctate stimuli, as with Von Frey monofilaments, stimulate Aδ-nociceptors. The main idea 
behind this opinion is that ‘normally painful’ implies the involvement of nociceptors, rather 
than the subjective pain response. In other words; hyperalgesia is increased pain following 
stimulation of nociceptors, while allodynia is pain following stimulation of Aβ-fibres.
What are we suggesting? 
First, there is no need to alter current QST technique, but in view of the abovementioned 
points we propose to adjust the interpretation of the results. When pain is elicited on the 
affected skin, it is unlikely that Aβ-, Aδ- or C-fibre afferents can be stimulated selectively with 
the current methods of QST. Therefore, the difference between allodynia and hyperalgesia 
should not be diagnosed on the basis of the primary afferent that is assumed to be stimu-
lated. Instead, the diagnosis of either allodynia or hyperalgesia should be based on patients’ 
report following stimulation of the affected skin, i.e. painful or not painful, whereby corres-
ponding, non-affected skin is used as the reference standard. Allodynia and hyperalgesia are 
clinical phenomena, not neurophysiological diagnoses.
Secondly, multiple definitions and interpretations of the clinical phenomenon hyperalgesia 
are currently used in the medical literature. In this respect, the IASP definition of hyperalgesia 
should be the gold standard, however, we argue that it is of limited use for clinical QST.
Needless to say, in day to day medical practice, diagnostic procedures to obtain a better 
understanding of the pathophysiological mechanisms of neuropathic pain should entail more 
than just QST, such as an accurate history and a thorough physical examination. Neverthe-
less, QST of stimulus-evoked pain is a valuable tool in the diagnosis of neuropathic pain and 
it can be deployed to monitor the effect of therapeutic interventions in the treatment of 
neuropathic pain.
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Abstract:
Objectives:
Chronic painful sports injuries can be considered as pain without obvious signs of nocicep-
tion or inflammation, persisting for at least 3 months and past the typical time of healing. The 
pathophysiology of chronic sports injuries such as overuse or tendinopathy remains largely 
unknown, although some evidence is currently available suggesting neuropathic mechanisms.
 
Design:
In this explorative study, sensory descriptors – by means of a neuropathic pain questionnaire 
(DN4-interview) – and three methods of sensory testing (including quantitative sensory tes-
ting or QST) were assessed, providing a diagnostic model to detect and quantify sensitisation.
 
Setting:
Patients were recruited from an outpatient clinic of a University Medical Centre and at 
primary care physical therapy practices.
 
Patients:
Fifteen athletes with a unilateral chronic sports injury were included.
 
Assessment of risk factors:
All subjects filled out the 7-items of the DN4-interview to assess sensory descriptors. Next, 
the presence of brush-evoked allodynia was tested and pain thresholds with Von Frey mono-
filaments and a pressure algometer were assessed in all patients.
 
Main outcome measurement:
Signs of sensitisation in athletes with chronic sports injuries.
 
Results:
Based on the diagnostic model, in 4 out of 15 patients (27 %) the presence of sensitisation 
could be detected. In an additional two patients, signs of hypoesthesia were found.
 
Conclusions:
Based on the results of this study, the presence of neuropathic pain mechanisms (i.e. sensi-
tisation in chronic sports injuries) is credible. The assessment of neuropathic pain must be 
considered in the clinical management of this patient group.

Chapter 9

Neuropathic pain mechanisms in patients with chronic sports injuries; 
a diagnostic model useful in sports medicine?



 ���  

Chapter 9

Neuropathic pain mechanisms in patients with chronic sports injuries; 
a diagnostic model useful in sports medicine?

9.1.    Introduction
The prevalence of sports injuries is high; Hootman et al. describe incidence rates of collegiate 
sports injuries of 13.8 in games and 4.0 in training per 1000 athletes-exposure [Hootman et 
al., 2007]. Of the 14 million sports injuries per year in the Netherlands, about 14% become 
chronic [Schmikili et al., 2001]. Especially tendinopathies [Lian et al., 2003], shoulder disorders 
[Windt et al., 1995], and patellofemoral pain syndrome [Jensen et al., 2008] are common 
sports injuries that tend to become chronic.
Chronic sports injuries are stressful to athletes and difficult to treat. In the literature, several 
explanations have been presented that explain the persistence of pain in chronic sports 
injuries, however the etiology and pathophysiological mechanisms of chronic sports injuries 
have largely remained obscure [Kingma et al., 2007; Alfredson and Cook, 2007; Jensen et al., 
2008]. Chronic sports injuries can also be referred to as ‘overuse’ juries or tendinopathy 
[Silbernagel et al., 2001]. Throughout the last decade, ideas regarding the pathophysiology of 
chronic sports injuries vary; from inflammatory and degenerative causes to a failing healing 
response [Alfredson et al., 2001 + 2003]. Jensen et al. investigated the presence of neuropa-
thic pain mechanisms in 91 patients with chronic patellofemoral pain syndrome [Jensen et al., 
2008]. They measured sensory detection thresholds by means of quantitative sensory testing 
(QST) and found significant hypoesthesia on the affected side as opposed to the patients’ 
own unaffected, contralateral side. Recently, Webborn proposed that neuropathic pain 
mechanisms are a possible source of pain in tendinopathies [Webborn, 2008].
Neuropathic pain is defined by the International Association for the Study of Pain (IASP) as 
“pain initiated or caused by a primary lesion or dysfunction in the nervous system” [Mers-
key and Bogduk, 1994]. In this definition, two major groups can be recognised; a group with 
lesions in the nervous system, such as in patients with diabetic polyneuropathy or posther-
petic neuralgia, and a group with dysfunction of the nervous system, such as in patients with 
fibromyalgia and chronic low back pain.
The presence of sensitisation especially (i.e., a more or less irreversible state of hyperexci-
tability within the central nervous system) can be considered as an important neuropathic 
pain mechanism [Woolf and Mannion, 1999]. Sensitisation results in the clinical symptoms 
allodynia – pain due to a stimulus which does not normally provoke pain, e.g. pain upon the 
light stroking of the skin or pain during normal training or exercise, and hyperalgesia – an 
increased response to a stimulus which is normally painful, e.g. intense pain following a heat 
stimulus [Merskey and Bogduk, 1994; Treede et al., 2008; Svensson et al., 2008]. The identifica-
tion of signs of sensitisation may be of importance with respect to the treatment of chronic 
painful sports injuries.
Patients with chronic sports injuries frequently report pain as a consequence of exercise or 
training that should not normally be painful (allodynia). If nociception and inflammation can 
not be defined as plausible causes for this pain, it is reasonable to consider the possibility that 
neuropathic pain mechanisms may contribute to the persistence of the pain. Currently, little 
is known whether, or to which degree, such neuropathic pain mechanisms, i.e. sensitisation, 
may account for the chronicity of sports injuries. There is no gold standard for the identifica-
tion of neuropathic pain mechanisms in patients with chronic pain.
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The primary goal of this explorative study is to use a diagnostic model that aids in detecting 
signs of sensitisation in patients with chronic pain due to a sports injury. We aimed to use 
methods that are simple, and can be employed in day to day sports-medical practice. We 
use the results from our diagnostic model to also investigate our secondary goal; whether 
patients in whom neuropathic mechanisms have been identified, have suffered from previous 
injury more frequently; possibly reflecting alterations of neural networks, i.e. sensitisation, due 
to repetitive injury [Woolf and Salter, 2000].
 
9.2.    Methods
9.2.1.        Patient characteristics
 The athletes were recruited from the Centre for Sports Medicine of the University Medical 
Centre Groningen and from primary care physical therapy practices in the North of the Ne-
therlands. All sports physicians and (sports) physical therapists were informed regarding the 
study by means of a letter and were requested to ask athletes that matched the inclusion 
criteria to participate in the study (Table 1). Crucial in identifying sensitisation is to rule out 
nociception or inflammation as possible cause of pain.
 

 

Prior to participation, the athletes received an informatory letter and signed an informed 
consent form. The study was executed according to the medical ethical regulations of our 
hospital, applicable for patients who undergo standard diagnostic procedures and receive 
standard medical care. From all participating athletes, socio-demographic data (age, gender), 
history of sports activity (kind of sport, number of years active in that sport) and type and 
duration of injury, as well as frequency of previous injury (never, seldom, sometimes, regularly, 
often, very often) were gathered. All athletes filled out a pain drawing and marked their most 
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Table 1: Inclusion and exclusion criteria                                             

 Inclusion criteria 
   Injury occurred during sports game or training
   Age 18 to 65 years 
   Nociception or inflammation as possible cause of pain ruled out by physician
   Pain for more than 3 months
   Written informed consent

Exclusion criteria 
   Neurological disease, known neurological deficits or sensory changes
   Co-morbidity (diabetes, chronic pain syndrome, cancer, skin infections) 
   Previous surgery (arthroscopy) in the area of pain or lower back 
   (in case of pain in the lower extremities)
   Medication interfering with pain and sensation detection
   Mental illness
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painful spot. The diagnostic model integrates sensory descriptors (DN4-interview) and three 
different methods of sensory testing that will be outlined below.
 
9.2.2.        Sensory descriptors
The ‘classical’ DN4-questionnaire (Douleur Neuropathique 4 questions) contains 10 items. 
The first 7 items, called the DN4-interview, are sensory descriptors that may be applicable 
to the patient’s pain. The other 3 items are related to physical examination signs (touch hy-
poestesia, pricking hypoesthesia and brushing). For each positive item on the DN4, one point 
is assigned. In this study, we only used the DN4-interview (see Table 2). The cut-off score 
score for neuropathic of the DN-4 interview was set at 3 or more positive items. When 
results from the ‘classical’ DN4-questionnaire are compared with the diagnoses of expert 
clinicians, the DN4 showed 83% sensitivity and 90% specificity. The DN4-interview demon-
strated similar results [Bouhassira et al., 2005 + 2008].
 

 

9.2.3.        Sensory Testing
We replaced 2 items of the DN4 related to physical examination tests, touch hypoestesia 
and pricking hypoesthesia, since our main interest was to assess sensitisation, not signs of 
hypoesthesia.To identify sensitisation, three different algorithms of sensory testing were 
performed in all athletes, with which the three main subtypes of somatosensory afferent 
fibres (Aβ-, Aδ- and C-fibre) are stimulated. After identifying the most painful spot, a square 
of 1 cm2 was drawn on the skin of the affected body part. On exactly the same spot on the 
non-affected contralateral side, another 1 cm2 square was drawn. The clinical examination 
randomly started at either the ipsilateral or contralateral side. In order to avoid effects of 
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Table 2: DN 4-interview in English (and Dutch)                                  
           
Does the pain have the following characteristics? 
1.  Burning (Branderig gevoel)

2.  Painful cold (Pijnlijk koudegevoel) 

3.  Electric shocks (Elektrische schokken)

Is the pain associated with one or more of the following symptoms in the same area? 
4.  Tingling (Tintelingen)

5.  Pins and Needles (Prikken)
 
6.  Numbness (Doof gevoel)

7.  Itching (jeuk)

 
yes / no

yes / no 

yes / no

yes / no

yes / no
 
yes / no

yes / no
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temporal summation, all tests were performed twice, with an interval of at least 3 seconds 
[Price et al., 1989].
In order to compare normal – unaffected – pain thresholds with pain thresholds in the skin 
area where the chronic sports injury was located, we used the same skin area on the contra-
lateral side. This methodology is common practice in the field of quantitative sensory testing 
[Hansson et al., 2007]. The examiner assesses sensory function on the affected side and com-
pares the results with the non-affected side in the same manner, under similar circumstances.
Aδ-fiber mediated allodynia was assessed by means of the light stroking of the skin with 
a soft brush. The brush was applied with a constant pressure with a single stroke of three 
seconds over approximately 3 cm in length over the skin, with a speed of 1 cm/s, repeated 3 
times [Rolke et al., 2006a+b]. Athletes were asked to report if they felt pain during this test. 
When at least two out of three strokes were reported to be painful, the presence of brush-
evoked allodynia was established. Brush-evoked allodynia in a patient with chronic pain is a 
sign of sensitisation of pain modulating systems within the central nervous system, one of the 
key features of neuropathic pain [Woolf and Mannion, 1999; Woolf and Salter, 2000].
Twenty Von Frey monofilaments (VFMs) with increasing diameter were used to detect and 
measure Aδ fiber mediated allodynia. A kit consisting of 20 nylon VFMs were used (Touch 
testTM North Coast Medical, Inc., Morgan Hill, LA, USA). The VFMs are calibrated in a lo-
garithmic scale from 0.008 to 300 g (0.08 - 2943 mN) within a 5 % standard deviation. 
Numbers on the VFM range from 1.65 to 6.65 and represent the common logarithm of 
10 times the exerted force in milligrams. When applied on the skin, monofilaments exert a 
constant force as the filament bends. This bending reduces measurement artefacts that result 
from movements or trembling of the examiner’s hand. The VFMs were applied in increasing 
thickness until the athlete indicated that the monofilament induced pain thereby indicating 
that the pain threshold was reached. Each VFM was applied three times, with approximately 
10 seconds between two successive stimuli, to avoid temporal summation [Price et al., 1989].
The VFM was applied perpendicularly to the skin surface for approximately 2 seconds until a 
bending of 3-5 mm of the VFM was produced. Patients kept their eyes closed during the in-
vestigation to avoid visual feedback concerning the stimuli. The pain threshold was defined as 
the logarithmic number on the VFM in which at least two out of three applications on the af-
fected side was reported as painful. The procedure was also performed on the contralateral 
side [Hansson et al., 2007; Keizer et al., 2007a+b]. We chose not to integrate the assessment 
of a sensory perception threshold, in order to limit the amount of time needed to perform 
the examination [Shy et al., 2003].
In order to determine (C-fibre-mediated) deep pain sensitivity, a handheld algometer (Mi-
crofet Hoggan Health Industries:West Jordan, UT USA) was used to measure pressure pain 
thresholds (PPT). The pressure algometer is a device with which a known force – calibrated 
in kg/cm2 – can be administered to the skin through a rubber disc at the end of the algome-
ter. The algometer has been demonstrated to yield reliable and reproducible results [Reeves 
et al., 1986; Nussbaum and Downes, 1998]. Force is gradually increased on the painful spot 
until subjects indicate that the exerted force is painful. The pressure pain threshold, measured 
in Newton, is determined as the average of the last two, out of three, consecutive values.
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9.2.4        Statistical analyses
Sociodemographic data (age, gender), history of sports activity (kind of sport, number of 
years active in that sport) and type and duration of injury, as well as frequency of previous 
injury are presented. The data of sensory testing (brush, VFM, PPT) and the outcomes of the 
DN4-interview are gathered.
We present a scoring system that integrates sensory descriptors and signs of neuropathic 
pain mechanisms upon physical examination. However, in contrast with the DN4, the current 
system includes three simple methods of sensory testing, aimed to detect signs of sensitisa-
tion. Furthermore, two of these methods allow quantification of sensory aberrations.
The scoring system is comparable to the DN4, since the scores of sensory descriptors of 
the DN4-interview and clinical signs from sensory testing are added to result in a maxi-
mum of 10 points. A cut-off score of 5 or higher is regarded to reflect the presence of 
sensitisation in the patient tested. As stated above, maximally 7 points can be scored on the 
DN4-interview. We assign one point to every method of sensory testing that is indicative 
for sensitisation. In this manner, a maximum of 10 points can be scored. For assigning these 
points, we did not discriminate between the size of the difference of sensory testing for the 
affected and non-affected side. Using the Mann-Whitney U-test, the relation of the frequency 
of injury (never, seldom, sometimes, often, very often) with signs of neuropathic pain (scored 
5 pts or higher) was analysed. For all statistical calculations in this study, p-values < 0.05 were 
considered significant.
 
9.3.    Results
We included 15 patients with chronic sports injuries (Table 3). The population consisted of 
four men and eleven female athletes with a mean age of 32 years (Sd 11, range 20-59 years) 
On average, athletes were active in sports for 10 years (Sd 9.0 range 1-30 years). The injury 
had a mean duration of 121 weeks (range 12-676 weeks).
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Table 3: Socio-demographic characteristics of the population, 
type and history of injury, pain scores during rest and during sports. 

*NRS = Numeric Rating Scale

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Nr. Sports. 

Cycling

Swimming

Tennis

Kickboxing

Figure skating

Skating

Football

Fitness

Basketball

Gymnastics

Tennis

Football

Fitness

Spinning

Running

Age 

59

25

28

25

25

20

27

26

21

22

31

46

32

42

43

Gender

F

F

F

M

F

F

M

M

F

F

F

M

F

F

F

Site of 
injury

Lower-leg

Shoulder

Shoulder

Knee

Knee

Lower-leg

Ankle

Knee

Ankle

Ankle

Shoulder

Upper-leg

Knee

Lower-leg

Knee

Duration 
(weeks)

52

272

52

12

676

16

12

104

23

104

40

26

364

12

52

Pain rest 
(NRS*)

8

0

1

3

0

5

5

0

6

3

0

2

7

4

0

Pain during 
sports (NRS*)

2

6

4

7

2

10

10

9

7

8

2

10

8

9

10

Injury frequency 
before current 
injury

Sometimes

Never

Often

Sometimes

Seldom

Seldom

Often

Seldom

Sometimes

Very often

Often

Sometimes

Very often

Sometimes

Sometimes
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Table 3: Socio-demographic characteristics of the population, 
type and history of injury, pain scores during rest and during sports. 

*NRS = Numeric Rating Scale

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Nr. Sports. 

Cycling

Swimming

Tennis

Kickboxing

Figure skating

Skating

Football

Fitness

Basketball

Gymnastics

Tennis

Football

Fitness

Spinning

Running

Age 

59

25

28

25

25

20

27

26

21

22

31

46

32

42

43

Gender

F

F

F

M

F

F

M

M

F

F

F

M

F

F

F

Site of 
injury

Lower-leg

Shoulder

Shoulder

Knee

Knee

Lower-leg

Ankle

Knee

Ankle

Ankle

Shoulder

Upper-leg

Knee

Lower-leg

Knee

Duration 
(weeks)

52

272

52

12

676

16

12

104

23

104

40

26

364

12

52

Pain rest 
(NRS*)

8

0

1

3

0

5

5

0

6

3

0

2

7

4

0

Pain during 
sports (NRS*)

2

6

4

7

2

10

10

9

7

8

2

10

8

9

10

Injury frequency 
before current 
injury

Sometimes

Never

Often

Sometimes

Seldom

Seldom

Often

Seldom

Sometimes

Very often

Often

Sometimes

Very often

Sometimes

Sometimes

Four subjects (nrs 3, 4, 10 and 11) scored 5 points or higher with the current scoring system. 
The results of the DN4-interview and the three different algorithms of sensory testing for all 
15 subjects are presented in Table 4, in Table 5 the assignment of points is depicted.
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Table 4: Results of 15 patients on the DN4-interview and sensory 
testing with brush, Von frey monofilaments (VFM) and pressure 
algometer (PPT) on the affected and non-affected side. 

Affected side                                    Non-affected side               DN4-interview

 

*VFM = Von Frey Monofilaments, ** PPT = Pain Pressure Threshold

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Patient
nr. 

0

0

1

1

0

0

0

0

1

1

0

0

0

0

0

Brush 
� = allodynia

5.78

4.65

5.07

4.56

5.64

4.74

4.90

6.30

4.80

5.30

5.20

6.65

5.99

6.10

6.65

VFM*
Log 10*force in mg

PPT**
(Newton)

124

19.5

0

15.5

58.5

19.5

34.5

74

20

3.5

0

127

92.5

35

54.5

Brush

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

VFM*
Log 10*force in mg

5.10

4.46

5.78

4.74

6.45

4.65

4.74

6.55

5.10

5.67

6.40

6.65

5.88

5.88

6.10

PPT**
(Newton)

95

25.5

17.5

18

77

8

51.5

79

31.5

24.5

27

164

66

49.5

35

Score on 7-item
DN4-interview

4

3

4

3

1

2

2

0

1

3

3

0

3

1

0



 ���  

Subject nrs 1 and 13 scored 4 and 3 on the DN4-interview, respectively. Noteworthy, the 
results from QST in these subjects indicated the presence of hypoesthesia, as with both VFM 
and PPT testing increased pain thresholds were found on the affected side compared with 
the non-affected contralateral side.
For practical reasons, we refer to the group of subjects in whom signs of sensitisation have 
been detected as the group with ‘neuropathic pain mechanisms’ (NPM), and the group of 
remaining subjects as the group with ‘non-neuropathic pain mechanisms’ (n-NPM).
The difference of reported frequence of injury between NPM and n-NPM was calculated 
with the Mann-Whitney U-test. Although the reported frequency of injury tended to be 
higher in the NPM, this difference was not statistically significant; p = 0.057 (2-tailed).
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Table 5: Sum of scores with the diagnostic model. Number of points 
assigned for different elements of the scoring system; the DN4-
interview, presence of brush-evoked allodynia, and QST with Von 
Frey monofilaments (VFM) and pressure algometer (PPT).  

*Brush: 0 = no allodynia, 1 = allodynia, **VFM = Von Frey Monofilaments, ***PPT = Pain Pressure Threshold

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Nr. DN4 Brush* VFM** PPT*** Sum of scores

4

4

7

6

3

2

3

2

4

6

5

1

3

2

0

4

3

4

3

1

2

2

0

1

3

3

0

3

1

0

0

0

1

1

0

0

0

0

1

1

0

0

0

0

0

0

0

1

1

1

0

0

1

1

1

1

0

0

0

0

0

1

1

1

1

0

1

1

1

1

1

1

0

1

0
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9.4.    Discussion
Using the current diagnostic model, we found that in 4 subjects (27%) of the small sam-
ple of 15, the presence of sensitisation may play a role in the chronicity of sports injuries. 
Sensitisation within the central nervous system reflects the involvement of neuropathic 
pain mechanisms in these patients. In two more subjects, who scored 3 and 4 points on the 
DN4-interview, signs of hypoesthesia were found. The hypoesthesia in these patients reflects 
a somatosensory aberration, which is also indicative for the presence of neuropathic pain 
mechanisms [Jensen et al., 2008]. Heterogeneity of neuropathic pain signs and symptoms is 
frequently described in the literature [Woolf and Mannion, 1999; Hansson, 2002; Jensen and 
Baron, 2003].
The results of this study failed to demonstrate that the ‘NPM’ suffered more frequently from 
previous injury than the ‘nNPM’. However, when the 2 subjects with signs of hypoesthesia 
are included in the NPM, a new calculation of the Mann-Whitney U-test reveals that the dif-
ference between NPM and n-NPM becomes statistically significant; p = 0.014. The frequency 
of injury may cause functional and structural changes within the nervous system, and in turn 
may aggravate the pain and disability due to new injuries [Woolf and Salter, 2000].
Several aspects of this pilot study need further consideration. We replaced 2 items of the 
DN4-questionnaire with 2 different methods of sensory testing. We did this for three main 
reasons. First, in our patient group we searched for signs of sensitisation, not hypoesthesia. 
Sensitisation is, in our opinion, clinically more relevant in sports medicine. Second, with the 
three methods of stimulation used, we stimulated Aβ-, Aδ- and C-fibre afferent nerves, 
thereby increasing the chance of detecting sensitisation. Finally, the two different methods of 
QST in our protocol allow quantification of the somatosensory aberrations, which can be of 
use for the evaluation of sensory function over time and during therapeutic interventions.
The disadvantage of our diagnostic model in comparison with the DN4 is that it discards 
signs of hypoesthesia in patients with chronic sports injuries. Neuropathic pain may be the 
consequence of a large number of conditions and may have many underlying pathophysiolo-
gical mechanisms. Signs and symptoms that accompany neuropathic pain are heterogeneous 
and can range, for example, from hypoalgesia for cold stimuli to extreme allodynia for light 
touch. When the involvement of all possible neuropathic pain mechanisms are investigated, 
assessment of hypoesthesia should ideally be part of the sensory testing protocol. As stated 
earlier, we chose not to quantify sensory thresholds because we wanted to restrict the time 
needed to execute the protocol as much as possible. The duration of the DN4-interview 
and the sensory testing protocol is maximally half an hour as this is a short enough testing 
protocol to prevent significant inattention and boredom. Furthermore, our protocol includes 
the assessment of punctate or Aδ-mediated allodynia, the DN4 does not. There is ample 
evidence that input from Aδ-fibre nociceptors is exaggerated by central sensitisation [Ziegler 
et al., 1999; Davis and Pope, 2002], therefore we recommend the assessment of Aδ-mediated 
allodynia. Finally, as stated earlier, the current model allows quantification of somatosensory 
aberrations.
We adopted the 5 points cut-off score from the DN4 from where we regarded the pre-
sence of sensitisation likely, considering the similarity between our scoring system and the 
DN4. However, additional research would be needed to confirm whether is cut-off score 
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is correct. To validate the current scoring system, the test results of a group of patients with 
chronic sports injuries should be compared with the clinical findings and opinions of experts, 
as has been done to validate with the DN4 [Bouhassira et al., 2005].
In this study we compared the results of the sensory tests on the affected side with the 
results on the contralateral side. This methodology is common practice in the field of quanti-
tative sensory testing [Hansson et al., 2007]. There is evidence that sensibility on the contrala-
teral side may also be affected by central sensitisation – and subsequently may not represent 
the ‘normal’ sensory status [Jääskeläinen et al., 2005; Hansson, 2006]. Another option would 
be to compare QST results with the results from data bases with normative values [Rolke et 
al., 2006a+b].
We argue that QST with VFM constitute an important element in the sensory testing pro-
tocol. The advantage of QST with VFM is that positive (and negative) sensory symptoms can 
be rapidly assessed and quantified, which allows statistical analysis and monitoring of aberrant 
sensory symptoms over time [Keizer et al., 2007a+b].
Why is the detection of neuropathic pain mechanisms of clinical value for sports physicians 
and sports physical therapists? When neuropathic pain mechanisms are present the use of 
‘anti-neuropathic drugs’ such as tricyclic antidepressants and anticonvulsants may be conside-
red, instead of classic analgesics. A diagnosis of neuropathic pain may lead to more adequate 
medication regimes and prevent inappropriate use of paracetamol and Non-Steroidal Anti-
Inflammatory Drugs and other possible unsuccessful medical treatments. For additional infor-
mation on the various anti-neuropathic drugs, we refer to the appropriate medical literature 
[Gilron et al., 2006; Finnerup et al., 2007]. Furthermore, the diagnosis (neuropathic) pain 
syndrome may give new treatment options. Potentially successful treatments are behavioural 
treatments [Leeuw et al., 2008]. Behaviourally orientated treatments aim to improve func-
tionality and activity levels and not primarily focus on pain relief. Notable is that behavioral 
treatments are highly comparable with eccentric training programs used in tendinopathies. 
The positive effects of both the behavioral and eccentric programs on pain relief might have 
a comparable mechanism, i.e. desensitisation of the CNS.
 
9.5.    Conclusion
Using the diagnostic model we conclude that in 4 out of 15 athletes (27%) the presence of 
sensitisation as an explanation of the persistence of pain in chronic sports injuries is credible. 
We found signs of hypoesthesia in 2 other patients, who also scored high on the DN4-inter-
view, the number of patients with neuropathic pain mechanisms is therefore probably higher 
than 27%.
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Acute, nociceptive pain is a useful, physiologic warning that tissue damage is either imminent 
or present. Through adequate behavioural responses, further damage can be prevented.
Chronic pain is different. Livingston (1943) rightly noted; “... pain frequently exceeds its pro-
tective function and becomes destructive”.
Chronic neuropathic pain is a disabling disease of the nervous system that affects a sufferer 
not only physically, but also emotionally and social-contextually. Prevalence figures of neuro-
pathic pain diverge, and range from 1.5 to 8% of the population, some argue even more.
Management of neuropathic pain poses a significant challenge for doctors and researchers, 
since treatment options are frequently insufficient to achieve adequate pain relief. Further-
more, neuropathic pain is a demanding burden on healthcare resources and generates 
considerable disability and related costs.
Neuropathic pain is characterised by spontaneous pain as well as stimulus-evoked pain. Pain 
following light stimulation of the affected skin (allodynia) is a highly disabling symptom. Since 
allodynia is stimulus-evoked, it will elicit reflex and behavioural responses, compelling the 
patient’s attention constantly.
Below, for each chapter, summary, conclusions and perspectives will be presented, where 
appropriate.
 

Chapter 1.
In Chapter 1, the clinical examination of the patient with suspected neuropathic pain, inclu-
ding history taking and physical examination is described in detail.
Normal sensory function is the product of a subtle equilibrium between neurons and their 
environment. A disruption of this equilibrium can easily lead to profound changes in sensory 
function and provoke pain. When the equilibrium is disturbed, changes in both the peripheral 
and central nervous system occur.
 
Chapter 2.
In Chapter 2, the pathophysiological mechanisms that underlie neuropathic pain are descri-
bed. From the release of excitatory substances from peripheral nerve endings, ectopic firing, 
ephaptic cross talk and the formation of neuromas, a whole range of changes takes place 
within the affected peripheral somatosensory nerve that eventually contributes to the 
persistence of neuropathic pain. Centrally, proximal nerve endings sprout, inhibitory inter-
neurons die, and inhibition from higher cortical regions fails to block the effect of sensitised 
neurons in the spinal cord.
Pain results from both transmission and modulation of sensory information within the 
nervous system, a process that may be augmented or attenuated through individual gene-
tic composition, past experiences, current psychological status and sociocultural influences. 
Cognitions, emotional distress and chronic pain co-occur almost inevitably and interact in 
multiple ways.
Treatment options for neuropathic pain - as opposed to nociceptive pain - are poor. Where-
as more than 90% of patients with nociceptive pain can achieve adequate pain relief, it is 
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estimated that the chance of sufficient pain relief for patients with neuropathic pain is only 
one in three. The mainstay of pharmacologic treatment is based on co-analgesic drugs such 
as tricyclic antidepressants, anticonvulsants and opioid agonists.
Although many significant advances have been achieved throughout the last several decades 
in the field of neuropathic pain, more research is needed to further elucidate its complex pa-
thophysiological mechanisms. There is mounting evidence that neuropathic pain mechanisms 
are involved in chronic pain syndromes, such as fibromyalgia and whiplash associated disor-
der. Insight in these mechanisms may lead to the development of novel therapeutic regimes 
aimed against both spontaneous, ongoing pain and stimulus-evoked pain in various chronic 
pain syndromes.
 
Chapter 3.
Quantitative Sensory Testing (QST) can be used on the one hand to provide insight in the 
pathophysiological mechanisms involved in neuropathic pain, and on the other hand to as-
sess the efficacy of therapeutic interventions in an objective manner. With QST the extent 
and severity of stimulus-evoked pain (or other sensory aberrations) can be detected and 
quantified.
We aimed to find a method and algorithm of QST, with which we would be able to assess 
and quantify stimulus-evoked pain in a simple, but reliable and reproducible manner, in order 
to allow bedside QST. Such a method of QST would be suitable for rapid assessment of 
stimulus-evoked pain in everyday medical practice.
In Chapter 3, the characteristics of the different methods of QST that are currently available, 
are described. With a set of 20 Von Frey monofilaments of increasing thickness, rapid and 
simple – yet reliable and reproducible – QST can be achieved. Thin Von Frey monofilaments 
stimulate Aβ-afferent fibres, whereas thicker Von Frey monofilaments also stimulate Aδ-affe-
rent fibres. Von Frey monofilaments are suitable for everyday use in clinical practice, although 
its use for the quantification of stimulus-evoked pain remains to be validated.
Few treatment options are available for stimulus-evoked pain, such as capsaicin and lidocaine. 
The efficacy of these topical agents is generally poor.
 
Chapter 4.
The mechanisms of action of cannabinoids against neuropathic pain are described in Chapter 
4. Animal models of neuropathic pain provide unequivocal evidence that cannabinoids are 
able to attenuate not only neuropathic pain, but also stimulus-evoked pain. Both the anti-
neuropathic and anti-allodynic / anti-hyperalgesic properties are promising for application in 
humans. Although anecdotal reports suggest such an analgesic effect of cannabinoids in hu-
man subjects with neuropathic pain and stimulus-evoked pain, this effect needs further proof.
 
Chapter 5.
For the purpose of this thesis, we aimed to validate a method and algorithm of QST for the 
standard medical practice, with which stimulus-evoked pain can be detected and quantified. 
Based on the information gathered thus far, we chose to validate the use of Von Frey mono-
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filaments. To validate such an algorithm, we designed a number of clinical studies (see below). 
One of these studies entailed the investigation of the clinical relevance of QST with Von Frey 
monofilaments, by means of calculating the correlation between a change in the pain scores 
(NRS) and changes in QST responses during a therapeutic intervention. For this purpose, we 
chose to use cannabinoids to change the severity of stimulus-evoked pain. This study could 
also serve as a pilot for randomised controlled trials with cannabinoids.

Chapter 6.
In Chapter 6, we described a clinical study in which we measured a pain threshold with 
Von Frey monofilaments in 22 patients with stimulus-evoked pain as a consequence of a 
unilateral neuropathic pain syndrome. We used the patient’s contralateral side and 5 healthy 
control subjects to obtain reference values.
Despite the heterogeneous character of the patients and their neuropathic pain syndromes, 
we were able to demonstrate that – although aetiology and pathophysiology of allodynia 
varied among the patients, with Von Frey monofilaments the clinical symptom allodynia could 
be quantified in 20 out of 22 patients, in a simple and practical fashion, within a narrow range 
of deviation. On average, these 20 patients indicated pain upon the application of VFM with 
log nr. 4.56, whereas no pain threshold could be determined on the contralateral, unaffected 
side for any VFM or in any of the control subjects.
Although thick VFMs evoke a pricking sensation on unaffected skin, none of the patients or 
control subjects described this pricking sensation as pain. Therefore, we decided to call the 
patient’s stimulus-evoked pain ‘allodynia’ instead of (pinprick or punctate) ‘hyperalgesia’ (see 
also Chapter 8).
 
Chapter 7.
In Chapter 7 we present a pilot study, in which we investigated the clinical relevance of quan-
titative sensory testing with Von Frey monofilaments in patients with stimulus-evoked pain as 
a consequence of a neuropathic pain syndrome, through correlation of subjective pain scores 
with pain thresholds obtained with QST.
During a four-week trial we administered a cannabis extract to 17 patients with stimulus-
evoked pain. We quantified the severity of the stimulus-evoked pain with Von Frey monofi-
laments before, during and after the patients finished the trial. We also asked the patients to 
rate their pain on a Numeric Rating Scale at these three moments.
We observed that the pain thresholds were inversely correlated with a decrease of the 
perceived pain intensity. These findings indicate clinical relevance of QST with Von Frey mo-
nofilaments in the quantification of stimulus-evoked pain in patients with neuropathic pain, 
although confirmation of our data is still required in further studies.
 
Chapter 8.
In Chapter 8 we describe the ambiguity that we encountered throughout the execution of 
the two previous clinical studies, concerning the two main subtypes of stimulus-evoked pain, 
i.e. allodynia and hyperalgesia.
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The International Association for the Study of Pain (IASP) defines allodynia as pain due to a 
stimulus which does not normally provoke pain and hyperalgesia as an increased response to 
a stimulus which is normally painful. However, does “normally painful” mean “any stimulation 
of nociceptors” or “the subjective pain response”?
We presented arguments that “normally painful” should not mean “any stimulation of noci-
ceptors”, as Von Frey monofilaments may evoke a pricking sensation – implying the involve-
ment of nociceptors – without necessarily leading to a subjective pain perception. We pro-
pose that the diagnosis of either allodynia or hyperalgesia should be based on the patient’s 
report, i.e. painful vs. not painful, rather than on the (sub)type of afferent fibre involved. Thus, 
in the case of QST with Von Frey monofilaments, pinprick (or punctate) allodynia is tested, 
not hyperalgesia.
 
Chapter 9.
In Chapter 9, the usefulness of the QST algorithm with Von Frey monofilaments is demon-
strated in a clinical study. In this respect, QST with Von Frey monofilaments is integrated 
in a diagnostic model in which the presence of sensitisation, i.e. a lowered pain threshold, 
in patients with chronic sports injuries is investigated. Sensitisation reflects the presence of 
neuropathic pain mechanisms.
Chronic painful sports injuries can be considered as pain due to an injury that occurred du-
ring sports or training, persisting for 3 months or longer and past the normal time of healing. 
In this explorative study, we presented a diagnostic model that integrates sensory descriptors 
– by means of a 7-item neuropathic pain questionnaire (DN4-interview) – and three me-
thods of sensory testing (including QST with Von Frey monofilaments) into a scoring system, 
providing a diagnostic model to detect sensitisation in patients suffering from pain due to 
chronic sports injuries.
Fifteen athletes with a unilateral chronic sports injury were included. Based on the scoring 
system of our model, in 4 out of 15 patients (27 %) the presence of sensitisation could be 
detected. QST with Von Frey monofilament was able to demonstrate and quantify a 
decreased pain threshold in these patients. In addition, QST with Von Frey monofilaments 
detected signs of hypoalgesia in two more patients with chronic sports injuries.
The current 10-items diagnostic model deserves further study to validate this model for 
clinical use in patients with chronic sports injuries.
 

All in all, the QST algorithm with Von Frey monofilaments for the detection and quanti-
fication of stimulus-evoked pain is useful in clinical practice. This usefulness should not be 
restricted to obvious neuropathic pain syndromes with allodynia, but may also be successfully 
deployed in other chronic pain syndromes.
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Chronische neuropathische pijn is een invaliderende aandoening van het zenuwstelsel, 
die mensen niet alleen fysiek, maar ook emotioneel en sociaal-contextueel beschadigt. 
Prevalentie cijfers lopen uiteen van 1,5 tot 8% van de bevolking. De behandeling van 
neuropathische pijn blijkt buitengewoon moeizaam, omdat de huidige behandelopties 
veelal onvoldoende pijnvermindering geven.
Neuropathische pijn wordt gekarakteriseerd door zowel spontane pijn, als stimulus-
afhankelijke pijn, waarvan allodynie de belangrijkste vorm is. Allodynie wordt gedefinieerd 
als pijn ten gevolge van een stimulus die normaal gesproken niet pijnlijk zou moeten zijn, 
bijvoorbeeld het licht aanraken van de huid. Met behulp van Quantitative Sensory Testing 
(QST) kunnen locatie en ernst van stimulus-afhankelijke pijn (en die van andere stoornissen 
van de sensibiliteit) worden  bepaald.
Middels een set van 20 Von Frey monofilamenten van verschillende dikte, kan QST worden 
verricht op eenvoudige, doch betrouwbare en reproduceerbare wijze. In dit proefschrift 
wordt door middel van een tweetal klinische studies dit QST-algoritme bij patiënten met 
allodynie gevalideerd. In een beschouwend artikel over de semantiek van de verschillende 
vormen van stimulus-afhankelijke pijn worden aanbevelingen gedaan omtrent de 
interpretatie van QST met Von Frey monofilamenten. Ten slotte wordt in een laatste 
klinische studie het QST-algoritme geïmplementeerd in een diagnostisch model, waarmee 
sensitisatie van het zenuwstelsel bij patiënten met een chronische sportblessure kan 
worden gevonden en gekwantificeerd.
Het gevalideerde QST-algoritme met Von Frey monofilamenten voor het detecteren en 
kwantificeren van allodynie is bruikbaar in de klinische praktijk; voor patiënten met een 
duidelijk neuropathisch pijnsyndroom, maar ook voor patiënten met andere chronische 
pijnsyndromen.
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Met dit boekje rond ik een promotietraject af dat bijna 8 jaar heeft geduurd. Het is een zeer 
leerzame weg geweest waarbij gaandeweg successen werden afgewisseld met momenten 
van schier onoverkomelijke frustratie en demotivatie. Terugkijkend is het overwinnen van 
de bergen en dalen in deze tocht misschien nog wel het leerzaamst geweest; het heeft me 
veel geleerd over mezelf en de mensen aan wie ik zo veel heb gehad. Ik wil dan ook graag 
iedereen die mij op wat voor wijze dan ook heeft geholpen met de totstandkoming van dit 
proefschrift hartelijk danken.
 

Een aantal mensen wil ik in het bijzonder bedanken.
Allereerst geldt dit voor mijn voormalig promotor, prof. dr. J.M.K.H. Wierda. Beste Mark, jij 
hebt me vanaf het begin nauwgezet op een kritische, maar vooral ook prettige wijze over de 
juiste weg geloodst. Ik heb ontzettend kunnen en mogen profiteren van jouw steevaste 
helicopterview op de onderzoeken, de manuscripten en de voortgang van het hele traject. 
Dat je kort voor het einde van dit traject omwille van je gezondheid het promotorschap 
hebt moeten overdragen respecteer ik natuurlijk, maar het steekt ook. Je hebt altijd een 
grote betrokkenheid voor mijn promotieonderzoek en voor mij persoonlijk getoond, iets 
wat ik enorm waardeer. Mark, dank voor alles wat je voor me gedaan hebt.
 
Dan wil ik prof. dr. M.M.R.F. Struys bedanken voor het overnemen van de taken als promotor. 
Michel, ik waardeer je inzet en enthousiasme voor mijn onderzoek en promotie ten zeerste.
 
Dr. M. van Wijhe is een zeer belangrijke drijvende kracht geweest achter het hele onderzoek. 
Marten, jij hebt me niet alleen enthousiast gemaakt voor dit onderzoek, maar je hebt een 
grote interesse voor chronische onbegrepen pijnklachten en de palliatieve zorg bij me 
losgemaakt die nu nog altijd leeft en waarmee ik in de toekomst graag meer wil doen. 
Ik denk met veel genoegen terug aan onze goede momenten in Madrid, Londen en Praag, 
maar ook gewoon op het Pijncentrum achter een piepschuimen bekertje thee. Dank voor 
dat alles!
 
Dr. C.P. van Wilgen wil ik bedanken voor het samen bedenken en opzetten van onderzoeken, 
het samen schrijven (en publiceren), het samen slijpen van de wetenschappelijke geest, én 
niet te vergeten de gezamenlijke momenten waarbij ‘het niveau’ daalde naar bedenkelijke 
diepten. Paul, dank voor al dat goede en laten we dat vooral voortzetten!
 
Dr. W.J. Post dank ik voor de plezierige manier waarop ze me statistische, methodologische 
en soms ook morele ondersteuning heeft gegeven. Wendy, ook bedankt voor het geduld 
dat je altijd met me hebt gehad (als je de voor mij soms duistere statistiek een paar keer 
moest uitleggen).

Dankwoord
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Prof. dr. D.R.A. Uges dank ik voor de analyses van de medicinale graad cannabis en de 
goede gesprekken die wij hebben gehad over eventuele vervolgonderzoeken met cannabis.
 
Ik dank de leden van de beoordelingscommissie; prof. dr. J.H.B. Geertzen, prof. dr. M. Schmelz 
en prof. dr. K.C. Vissers voor de tijd en energie die ze in het lezen en beoordelen van mijn 
proefschrift hebben gestoken.

Dr. G.J. Versteegen wil ik bedanken dat ze het voor elkaar heeft weten te krijgen om aan 
me te wennen als kamergenoot. Gerbrig, ik heb veel van je geleerd; van onderzoek in zijn 
algemeenheid, maar ook van de psychologie achter de chronische pijnpatiënt. We hebben 
vele goede, gezellige en diepzinnige momenten gehad waaraan ik warme herinneringen 
bewaar.
 
In dat kader dank ik ook David Fael, de Italiaanse anesthesioloog uit Duitsland, voor 
de vele liters koffie, cappuccino, espresso, maar vooral ook jouw verhelderende inzichten 
in schimmige materie en je gortdroge humor.
 
De dames van de secretariaten van het Pijncentrum en de afdeling Anesthesiologie wil ik 
bedanken voor hun inspanningen en onvermoeibare hulp; in het bijzonder noem ik hierbij 
Ria Carpay en Bianca Pijl. Laatstgenoemde dank ik eveneens voor de fraaie vormgeving van 
dit proefschrift. Het is prachtig geworden, Bianca; bedankt!
 
Alle mensen werkzaam op het Pijncentrum, de afdeling anesthesiologie en de afdeling 
huisartsgeneeskunde, die mij op wat voor manier dan ook hebben ondersteund in het 
opzetten, uitvoeren en voltooien van mijn promotieonderzoek wil ik danken.
 
De bereidheid van Alle Meije Wink en Paul van Wilgen om als paranimfen te fungeren op 
mijn promotie en mij moreel te ondersteunen rondom de verdediging van dit proefschrift 
stel ik zeer op prijs; bedankt!

Dan ten slotte wil ik ús heit en mem bedanken voor alle steun en geduld de afgelopen jaren. 
Sinds zij mij eind 70er jaren aanmeldden bij de peuterschool ben ik vrijwel onafgebroken 
naar school geweest of was ik ergens voor in opleiding. Zonder jullie steun zou ik niet 
gekomen zijn waar ik nu ben!
 
En als aller-allerlaatste dank ik mijn vrouw Wendy en mijn twee kinderen; Lucas en Gerjan. 
Het is wel eens zwaar geweest; een groot huis, opleiding, opvoeding en dan ook nog 
promoveren. Gelukkig heb ik van jullie de steun ervaren die ik zo nodig had. Aan de andere 
kant heb ik van jullie geleerd dat er nog iets anders – veel belangrijkers – is dan studie, 
carrière en promotie, en dat binne jimme.  
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