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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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