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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out of date and may even appear ridiculous today, current opinions on the mechanisms and 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].
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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.



 ��  

Chapter 2

Mechanisms and treatment options of neuropathic pain

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



 ��  

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].

Chapter 2

Mechanisms and treatment options of neuropathic pain



 ��  

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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