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ABSTRACT 

Background Thoracic neuropathic pain may be related to an area of altered skin sensation 
over the territory of cutaneous thoracic branches. The somatosensory rehabilitation method 
(SRM), a non-pharmacological treatment, focuses on the detection, classification and 
treatment of this condition. The aim of this prospective observational case series of 66 
thoracic neuropathic pain patients (tNPP) was to evaluate a management algorithm of two 
different types of neuropathic pain: spontaneous ongoing neuropathic pain (type A) and 
touch-evoked neuropathic pain (type B). Material and methods The authors precisely 
explain the assessment and treatment algorithm for findings of tactile hypoaesthesia versus 
static mechanical allodynia (SMA). 66 chronic tNPP referred in a single centre were assessed 
by two mapping techniques of the skin A) aesthesiography (in case of tactile hypoaesthesia) 
or B) allodynography (in case of SMA) and pre/post treatment evaluations with the McGill 
pain questionnaire (MPQ). In clinical practice, hypoaesthetic territories were treated by basic 
somatosensory rehabilitation. Allodynic territories were treated initially by distant vibratory 
counter-stimulation (DVCS), then by basic somatosensory rehabilitation once the allodynia 
disappeared. Results All tNPP presented somatosensory abnormality on at least one damaged 
cutaneous thoracic branch: 52 hypoaesthetic and 47 allodynic. At a mean of 76 days, 34 of 
these 47 were converted by DVCS into hypoaesthetic territory, which finally is amenable to 
treatment by basic somatosensory rehabilitation. 61 % of the tNPP treated with SRM had a 
pain reduction of at least 50% on the MPQ. Conclusion These observations illustrate a 
management algorithm for assessing and treating A) hypoaesthesia and B) SMA. 
 

Keywords: Algorithm, Mechanical allodynia, Somatosensory rehabilitation method, Tactile 
hypoaesthesia, Thoracic neuropathic pain. 
 

Table of abbreviations 
DMA Dynamic Mechanical Allodynia 
DVCS Distant Vibrotactile Counter-Stimulation 
MPQ McGill Pain Questionnaire 
NPP Neuropathic Pain Patient 
PHN Post-Herpetic Neuralgia 
PNI Peripheral Nerve Injury 
PPT Pressure Perception Threshold 
SMA Static Mechanical Allodynia 
SRM Somatosensory Rehabilitation Method 
tNPP thoracic Neuropathic Pain Patient 
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1. Introduction 
Pain can be physiological or pathological (Woolf and Mannion, 1999). Physiological pain is a 
protective signal provided by the somaesthetic system. Neuropathic pain (NP) has been 
classified as spontaneous ongoing neuropathic pain and/or touch-evoked neuropathic pain 
(Ochoa and Yarnitsky, 1993; Hansson, 2003). The first described etiopathological mechanism 
of spontaneous NP pointed to aberrant activity in nociceptive C neurofibre (Wall et al., 1979; 
Scadding and Kolzenburg, 2013). If pain itself is at the centre of concern for both patient and 
physician, the somatosensory abnormalities that often occur in the painful area have been 
considered of secondary importance (Lindblom and Verrillo, 1979; Lindblom, 1994). The 
local sensitivity or tenderness (Nathan, 1960), which can grow in absolute pain at the slightest 
pressure was first described by Morton (1876). This symptom of hypersensitivity was defined 
by Merskey (1979) as allodynia: “Pain due to a stimulus which does not normally provoke 
pain” (Merskey and Bogduk, 1994; Loeser et al., 2011). Devor’s group stated that tactile 
allodynia “is fundamentally paradoxical. Partial denervation of the skin ought to blunt sensation, not to 

amplify it” (Sukhotinsky et al., 2004 p. 135). 

In peripheral nerve injury (PNI) with partial denervation, Aβ neurofibre lesions lead to 
tactile hypoaesthesia, of part of the largest territory of cutaneous distribution of its branch 
(Lanz von and Wachsmuth, 1935; Taylor et al., 2009; Spicher et al., 2010, 2013). Tactile 
hypoaesthesia affecting a cutaneous nerve can be expected to fall within the skin territory 
boundaries outlined in clinical anatomy studies (Carmichael, 2013), a finding recently 
corroborated in a prospective study of 1947 neuropathic pain patients (NPP) by our group 
(Spicher et al., 2013). The mapping of hypoaesthesia, named aesthesiography, can be 
reproduced by considering this hypoaesthesia principle (Létiévant, 1869; Tinel, 1916 [1917] ; 
Inbal et al., 1987; Spicher, 2013 [2006]). 

Based on the hypothesis regarding which cutaneous branch is damaged, partial tactile 
hypoaesthesia in a specific territory can be mapped using aesthesiography. Another 
physiological consequence of Aβ neurofibre lesions is to induce hypersensitivity with 
underlying partial hypoaesthesia: a paradoxical painful-to-touch hypo-aesthesia (Spicher et al., 
2008) named static mechanical allodynia (SMA) (Spicher, 2006; Spicher et al., 2008). The 
cutaneous territory affected by SMA can be mapped using allodynography. After treating 
SMA with a specific non-pharmacological treatment, only the underlying hypoaesthesia 
remains. On this basis, one can hypothesize that a management algorithm considering the 
time-course of two types of somatosensory altered skin (tactile hypoaesthesia and mechanical 
allodynia) would lessen symptoms in neuropathic pain patients (NPP). 

The aim of this prospective observational case series of 66 thoracic neuropathic pain 
patients (tNPP) was to evaluate a management algorithm for treating two types of neuropathic 
pain: spontaneous ongoing neuropathic pain (type A) and/or touch-evoked neuropathic pain 
(type B). This algorithm of somaesthetic and/or neuropathic conditions consists of two phases: 
1. Clinical anatomy diagnosis of somatosensory abnormalities mapped in at least one thoracic 
branch on each tNPP (type A aesthesiography or type B allodynography). 2. Successive non-
pharmacological somatosensory treatments. 
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Departement of                                               CH - 1700 FREIBURG 
Continuous education                                          info@neuropain.ch 

 

 

 
The 100th course for somatosensory rehabilitation of neuropathic 
pain - 8th to 11th of February 2016 - is a four day comprehensive 
theoretical and hands-on course for therapists, physicians and others, 
about a method to treat neuropathic pain patients (NPP). 
www.neuropain.ch/education/calendar 
 

Somatosensory Rehabilitation of Pain (Spicher, 2006; Spicher et al., 2013; 
Spicher et al., 2015) includes: Assessment of cutaneous sense disorders and 
their painful complications (CRPS, mechanical allodynia, neuralgia i.e post 
carpal tunnel syndrome release) and also rehabilitation. 
 

Problem 
 

Cutaneous somatosensory disorders, including hypoaesthesia and/or mechanical 
allodynia are often significant contributors to chronic pain, interfering with 
activities. 
 

The normalisation of the cutaneous sense has a positive impact on 
neuropathic pain. The shooting pain, the burning sensations decrease and 
hypersensitivity resolves, offering NPP a better quality of life. 
 

Concepts 
 

The concept of Aβ pain was proposed by Marshall Devor [Exp Brain Res 2009] 
many years after Tinel (1917) suggested that neuropathic pain is conducted 
partly through the Aβ fibers. The etiology of neuropathic pain hinges on this 
idea. It means that chronic neuropathic pain can arise from the alteration of the 
somatosensory system and not only from the alteration of the C fibers. 
Therefore, the painful area must be carefully assessed in order to determine the 
presence of Aβ fibers lesions (tactile hypoaesthesia and/or mechanical 
allodynia). Consequently, the normalisation of the cutaneous sense has a 
positive impact on neuropathic pain. 
 

Overall Learning Aims 
 

 To integrate precise techniques for identification and treatment of 
somatosensory changes 

 To rehabilitate  cutaneous somatosensory disorders on the basis of the 
somatosensory system neuroplasticity; 

 To avert the outbreak of painful complications by rehabilitating the 
cutaneous sense; 

 To build bridges between rehabilitation, medicine and the neurosciences. 
 
 

http://neuropain.ch/education
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2. Material and Methods 

2.1 Subjects 
A cohort of 71 chronic neuropathic pain patients (55 females and 16 males, mean age ± SD, 
45 ± 13.63 years), with “intercostal” neuralgia 3  were consecutively included in this 
prospective observational case series between the 1st of July 2004 and the 19th of February 
2009. They attended the Somatosensory Rehabilitation Centre (Fribourg, Switzerland) for 
testing and treatment of neuropathic pain according to the somatosensory rehabilitation 
method (SRM) as described below (Spicher, 2003, [2006]). 

All seventy-one patients (Fig. 1) fulfilled the following inclusion criteria: (1) Presence of 
neuropathic pain symptoms and signs on the trunk: “intercostal neuralgia” (either a positive 
aesthesiography or a positive allodynography – see below for details); (2) McGill Pain 
Questionnaire (MPQ) score of at least 20 points; and- (3) Clinical pain symptoms for at least 
six months (Supplementary Table 1). 

Five patients were excluded for the following reasons: four patients were unable to 
complete the MPQ and one patient was paraplegic (Fig. 1) – confounding diagnosis of 
paraplegia Th9 with static mechanical allodynia of anterior cutaneous branch of Th12 left. 
Considering that a stable medication - antiepileptic, antidepressant or opioid drugs - is 
reported by the majority of these patients (Spicher and Quintal, 2013) cannot be discontinued 
due to ethical reasons, this was not considered as an exclusion criterion. A small subgroup of 
four patients presented with post-herpetic neuralgia (PHN). The average pain duration 
reported on initial assessment was 4.5 years (range: 0.5 - 43.5 years). Numerous provisional 
diagnoses were made (Supplementary Table 1) including: status post traumatic (n=20), cancer 
sequelae (n=6), miscellaneous etiology (n=5), status post surgery (n=33) and PHN (n=4). 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1. Demographic diagram of the 71 thoracic neuropathic pain patients (tNPP). Inclusion criteria: (1) Presence 
of neuropathic pain at least on the trunk, (2) McGill Pain Questionnaire (MPQ) score of at least 20 points, (3) 
Clinical pain symptoms of at least six months. Exclusion criteria: unable to complete MPQ, confounding 
diagnosis of paraplegia. 

                                                 
3 Clinical anatomy comment: the term of intercostal is unfortunately not appropriate for the subcostal neuralgia 
(Th 12), and for the intercostobrachial neuralgia (Th 2). 
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2.2 General procedure and design of the prospective observations 
 
Patients were referred to the Somatosensory Rehabilitation Centre to assess and treat their 
chronic neuropathic pain condition. This case series is the interpretation of clinical 
observations collected in a prospective way on 71 tNPP extracted from a clinical database of 
observations on 980 NPP (trigeminal neuralgia, occipital neuralgia, brachial neuralgia, 
femoral neuralgia, pudendal neuralgia, etc.). Demographic, medical history and treatment data 
were prospectively recorded in clinical practice with a standardized protocol reflecting the 
daily practice of the Somatosensory Rehabilitation Centre of the Human Body. Referrals to 
somatosensory rehabilitation of pain were initiated by medical doctors (n=41), including pain 
specialists, physicians, general practitioners, neurologists, neurosurgeons, thoracic surgeons, 
general surgeons, and rheumatologists through a written prescription of occupational therapy. 
All patients received the standard care of the centre. Spicher (2003, [2006]) provides a 
detailed description of this non-pharmacological intervention: occupational therapy with SRM 
– evidence-based practice level 2b (see also Dellon, 2000; Spicher, 2003, [2006]; Spicher and 
Quintal, 2013; Spicher et al., 2008; Spicher, 2008; Quintal et al., 2013). All data were 
collected in a single centre, following a specific clinical protocol for each chronic pain patient. 
Each patient attended a weekly treatment session, and was seen alternately by two “SRM 
trained therapists” which were occupational therapists. All participants received the 
standardized program of assessment and intervention, including a structured daily home 
program to follow between visits. Each weekly somatosensory rehabilitation session lasted 
from 30 to 75 min (average: 45 min). To avoid any misunderstanding, this is NOT a study of 
experimental research.  

 
 

2.3 Clinical assessment 
 
If the patient’s complaints are about neuropathic pain, then he/she has Aβ neurofibre lesions 
of a cutaneous branch (Spicher et al., 2013). This theoretical hypothesis supports the 
neuropathic symptoms anamnesis (from the Greek word “to remember” Ανάμνηση) evaluated 
by the SRM trained therapists and the search for hypoaesthetic territory on the skin with 
psychophysical tests. It is the first step in order to progress from pain complaints of NPP to a 
clear identification of the somatosensory abnormalities of the skin.  

In order to identify which cutaneous branch is damaged, the SRM trained therapist relies 
on the clinical anatomy knowledge that the localization of burning pain sensation, or even 
solely heat sensation, corresponds to the hypoaesthetic territory. The somatosensory mapping 
is then performed, beginning with this target territory of tactile hypoaesthesia. 
 
2.3.1 Rating of pain intensity and clinical anatomy diagnosis 
 
During the evaluation (t0), the SRM trained therapist used the original McGill Pain 
Questionnaire to qualify the phenomenon of pain and identify which cutaneous branch is 
involved. Therapists are trained to then decide whether to carry out an aesthesiography (type 
A) or an allodynography procedure (type B) (Fig. 2 & 3). Depending on the mother tongue of 
the patient either the original McGill Pain Questionnaire in English was used (Melzack, 1975), 
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or alternatively the Questionnaire de la douleur St-Antoine in French (Boureau et al., 1984), 
the McGill Schmerz-Fragebogen in German (Stein and Mendl, 1988) or the Italian version of 
the McGill Pain Questionnaire (Maiani and Sanavio, 1985). 

Change in reported pain was assessed using the MPQ at baseline (initial evaluation), 
every 4 weeks and during the final treatment session. The presence of altered somatosensory 
function was searched in at least one thoracic branch for each patient, using the 
aesthesiography procedure (Fig. 2). 

 
2.3.2 Aesthesiography 
 
Aesthesiography (Fig. 2) is the first clinical examination sign of the SRM utilized to map the 
tactile hypoaesthetic territory (Spicher 2003 [2006]). The term “aesthesiography” (Létiévant, 
1876 [1875]; Spicher and Kohut, 2001) is used because it refers to a mapping of the 
hypoaesthesia (Létiévant, 1869; Tinel, 1916 [1917] ; Inbal et al., 1987; Quintal et al., 2013). 
This examination took place at the beginning of each session, before treatment. Testing was 
always performed in the same environment. Testing room temperature was maintained at 20o 
± 1 o C. 

 

 
 
Fig. 2 Type A aesthesiography of the lateral cutaneous branch of the 8th right thoracic nerve; on the lateral side 
of the trunk with a Semmes-Weinstein 0.7 g aesthesiometer (mark 3.84). The aesthesiography outlines the 
hypoaesthetic territory: the portion of skin where aesthesiometer is not detected. Arrows show the axes along 
which the stimulus is applied. Points indicate where the application of the 0.7 g aesthesiometer is not detected. 
 

 
The aesthesiography procedure cannot be administered in the presence of hypersensitivity 

to touch (allodynia symptom). Therefore, in such cases, allodynography was performed (Fig. 
3). 
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2.3.3 Allodynography 
 
Allodynography (Fig. 3) is the second clinical examination sign of the SRM which quantifies 
and maps SMA using a standardized procedure in the territory of the skin where the patient 
reports symptoms of tenderness, hypersensitivity to touch (Spicher 2003 [2006]; Spicher et al., 
2008, pp. 80-81 and its Appendix A pp. 90-91). Mapping of the SMA territory facilitates 
visual inspection in diagrammatic form of the allodynic skin area. The assessment is 
conducted with a Semmes-Weinstein 15 g aesthesiometer (mark 5.18) in order to delineate the 
borders of the SMA territory. On the longitudinal axis of the damaged cutaneous branch, from 
proximal to distal, the first allodynic point is found by sequential application of stimuli in a 
standardized pattern to precisely identify the first allodynic point at the prescribed pain 
threshold (3/10 VAS rating) along this axis (Fig. 3). The procedure is repeated on the 
perpendicular axis. A polygon is traced by joining the border sites obtained to outline the 
hypersensitive territory (Spicher et al., 2008). 
 
 

 
 
Fig. 3 Type B allodynography of the posterior branch of the 3rd left thoracic nerve tested on the posterior side 
of the trunk with a Semmes-Weinstein 15.0 g aesthesiometer (mark 5.18). The allodynography outlines the 
hypersensitive territory: where aesthesiometer is perceived as painful. Arrows indicate the axes along which the 
stimulus is applied. Points indicate where the application of 15.0 g aesthesiometer is perceived as a pain of 3 (on 
a VAS of 10 cm).  
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2.4 Algorithm for clinical reasoning 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 4 Management algorithm to treat spontaneous ongoing neuropathic pain and/or touch-evoked 
neuropathic pain: At t0, the therapeutic management of somatosensory testing and rehabilitation is either: 
Treatment A) Rehabilitation of hyposensitivity, if a part of the skin is numb (aesthesiography) or: Treatment B1) 
Distant Vibrotactile Counter-Stimulation (DVCS), if the skin is hypersensitive (allodynography). At tn, when the 
allodynography becomes negative (secondary aesthesiography) the therapeutic management is: Treatment B2) 
Rehabilitation of hyposensitivity (Quintal et al, 2013). 
 
A complex clinical anamnesis and clinical examination of tNPP is required in order to choose 
between the clinical anatomy type A and type B (Fig. 4). During the assessment of NP 
symptoms, which can occur spontaneously, if the patient complained about tenderness to 
touch, the SRM trained therapist interrupted the assessment of the MPQ and started using the 
Visual Analogue Scale (VAS) to begin assessing the hypersensitivity to touch following the 
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allodynography procedure. Figure 5 summarizes the different moments when the SRM trained 
therapist can interrupt the first type A of somatosensory testing – hypoaesthesia assessment - 
towards this second type B of clinical examination sign: the allodynography. 
 

 
Fig. 5 Clinical reasoning process (from upper right corner to bottom): the five different moments when the 
SRM trained therapist can start assessing the hypersensitivity to touch instead of hypoaesthesia (i.e. change from 
aesthesiography to allodynography) and choose the distant vibrotactile counter stimulation instead of the 
rehabilitation of hyposensitivity as a therapeutic management. 1 and 2 are the moments when the patient gives 
either a non-verbal or a verbal clue of hypersensitivity to touch to the SRM trained therapist. 3, 4 and 5 are the 
moments when the SRM trained therapist cannot complete specific test due to the hypersensitivity to touch.  
 
 
2.5 Clinical anatomy of the thoracic cutaneous branches 
 
Previous work has been undertaken to provide a detailed understanding of somatosensory 
testing and rehabilitation in thoracic Neuropathic Pain Patients (tNPP). The twelve thoracic 
nerves I - XII arise out of about fifty-seven branches (Spicher et al., 2010, 2013): each 
thoracic nerve comprising  three cutaneous branches – anterior (Fig. 6A), lateral and posterior 
(Fig. 6B) – and each anterior and lateral branch issuing itself from a medial and a lateral 
branch (N.B: the lateral branch of the 2nd thoracic nerve is the intercostobrachial nerves). In 
tNPP, this clinical anatomy can inform the understanding of the clinical presentation and 
management of pain arising from Aβ fibers lesions (Hansson, 2003; Hehn von et al, 2012). 
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Fig. 6A. Territory of cutaneous distribution of anterior pectoral cutaneous branches of the twelve thoracic nerves. 
Fig. 6B. Territory of cutaneous distribution of the posterior branch of the twelve thoracic nerves. 
Fig. 6A & 6B were adapted by the authors (Spicher et al., 2010, 2013) with the kind authorization of the 
publisher. 
 
 
2.6 Intervention protocol 
 
All patients underwent the non-pharmacological somatosensory rehabilitation method. This 
semi-structured protocol is based on the technical guidelines, described partly in the Textbook 
for somatosensory testing & rehabilitation (Dellon, 2000 (4th ed.)), then in the Handbook for 
somatosensory rehabilitation (Spicher, 2003 (1st ed.) [2006]; Spicher & Quintal, 2013 (2nd 
ed.)). 

 

2.6.1 Therapeutic management 
 
Therapeutic management is the choice between two types of somatosensory rehabilitation of 
pain techniques (Fig. 4 & 5): 
Type A:  Rehabilitation of hyposensitivity;  
Type B:  Distant Vibrotactile Counter-Stimulation (DVCS) and then rehabilitation of   

hyposensitivity.  
 
SRM was previously described in details (Spicher, 2003 [2006]; Spicher and Quintal, 2013). 
The whole method can be taught to doctors and rehabilitation professionals in 56 hours, 
although the aesthesiography and allodynography testing procedures need 14 hours of training. 
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2.6.2 DVCS 
 
While the technique has already been described in details in Spicher et al. (2006, 2008, 2009), 
a brief overview follows. In the presence of an allodynic territory, a tactile device (used at 
home) and a vibratory device (used in therapy) were employed to provide comfortable 
somatosensory stimulations in a zone that is proximal to the territory of SMA but that is 
distant enough to ensure that the patient’s experience is described as comfortable. The 
variable parameter of DVCS is the localization of the stimulus application. The tactile device 
was made of any material providing a comfortable stimulus to the individual patient (for 
example, fur, silk, microfiber fleece) and the vibratory device generated mechanical 
vibrations (parameters of stimulation: frequency 100 Hz, amplitude 0.06 mm: Spicher et al., 
2008). 

In this protocol, the SRM trained therapists had initially i) to hypothesize the cutaneous 
branch involved, ii) to designate an anatomically relevant zone of skin where DVCS must be 
applied (at home eight times a day for 1 minute and in therapy once a week) and iii) to 
delineate the zone of skin where touch stimuli should be avoided as it would induce painful 
perceptions. 

 
2.6.3 Rehabilitation of hyposensitivity. 
 
The technique (Spicher, 2006; Spicher and Quintal, 2013) is based on the neuroplasticity of 
the somatosensory system, involving direct stimulation of the hypoaesthetic skin mapped by 
aesthesiography. A tactile device was used at home and a vibratory one in therapy. The home 
program was prescribed four times a day for 5 minutes. In therapy, the variable parameter of 
the rehabilitation of hyposensitivity is the magnitude of the mechanical vibration (as 
identified by the VibradolTM): the Vibration Perception Threshold plus 0.1 mm to ensure the 
patient perceived the vibration. 
 
2.6.4 Secondary aesthesiography 
 
When the allodynography becomes negative because of the successful disappearance of the 
SMA (Spicher et al., 2008, p. 81 and its Appendix C p. 92) in type B tNPP treated with 
DVCS, secondary aesthesiography was used to assess the area of underlying hypoaesthesia 
(Fig. 4). The term “aesthesiography” is used because it refers to a mapping of hypoaesthesia, 
while “secondary” is used to avoid any confusion with the initial aesthesiography used to 
identify those tNPP with type B somatosensory changes. As previously described, there is 
always an underlying hypoaesthetic skin under SMA (Spicher et al., 2008). “Look for 

hypoaesthesia, because, by decreasing hypoaesthesia neuropathic pain decreases” (Spicher and Clément-Favre, 

2008, p. 25): this paradigm of the SRM explains the search for hypoaesthesia. 
 
2.6.5 Short-form pressure perception threshold 
 
The pressure perception threshold (PPT) introduced by von Frey (1896) is a test used to 
determine the patient’s ability to perceive the application of a force on the skin (this ability is 
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named also mechanical detection threshold). The PPT used in SRM is based on the 
application of seven aesthesiometers (from a kit of twenty) (Semmes et al., 1960; Malenfant 
et al., 1998, Spicher, 2006). It is conducted during the initial assessment in the centre of the 
area identified by aesthesiography (type A). 

The short-form pressure perception threshold score is determined by the mean value of 
the force application of the three aesthesiometers detected in an ascending, descending and 
ascending series (ADA) (Spicher et al., 2008, pp. 81-82; Spicher and Quintal, 2013). In the 
ascending series (from the thinnest to the thickest of the seven aesthesiometers), it 
corresponds to the first of the aesthesiometers that is detected by the patient. In the 
descending series (from the thickest to the thinnest), it corresponds to the last one detected. 
During the session following the disappearance of the SMA, this test was also conducted in 
the centre of the secondary aesthesiography (type B). 

We have chosen the short-form of PPT to reduce the duration of the test and also to 
diminish the risk of SMA reappearance. If applied earlier, when the SMA is still present, the 
application of the stimulus may increase the severity of the hypersensitivity to touch, which 
limits the possibility of decreasing SMA. 

 
2.7 Parallel pharmacological treatment 
 
As the seventy-one chronic patients were referred by forty-one prescribing doctors, their 
pharmacological treatment was usually based on antiepileptic drugs (Dworking et al., 2007, 
2010; Attal et al., 2010) (i.e. pregabalin, gabapentin, clonazepam) through individual titration 
(Suppl. Table 1 provides a complete summary of this information). 

 Patients with strong NP or who did not respond to first line medications, were given 
opioid analgesics such as oxycodone, or tramadol, in combination with the first line 
medication. Combined of medication is a frequent pattern with patients followed at the 
Somatosensory Rehabilitation Centre in Fribourg (Spicher and Quintal, 2013). With this 
cohort, the focus was on rehabilitation interventions rather than pharmacological management. 
 
2.8 Statistics 
 
The quantitative data of the pressure perception threshold were analyzed statistically using the 
Sigmaplot 12.0 software. Group comparisons were based on the non-parametric unpaired 
Mann-Whitney Rank Sum Test. The scores of the original MPQ are described by mean 
(ranges), standard deviation (SD) and median. 

 
 

3. Results 
 

The clinical data of 66 patients at the time point of the first investigation are listed in details in 
table 1: a total of 99 cutaneous branches were damaged. They were distributed amongst 35 
cutaneous thoracic branches (Table 1). 34 patients presented intercostal neuralgia with 
involvement of a single cutaneous branch. 
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10

Anterior cutaneous 
branch of Th2 

4 

Posterior branch of Th3 3 
Lateral cutaneous 

branch of Th3 
3 

Anterior cutaneous 
branch of Th3 

1 

Posterior branch of Th4 3 
Lateral cutaneous 

branch of Th4 
7 

Anterior cutaneous 
branch of Th4 

1 

Posterior branch of Th5 1 
Lateral cutaneous 

branch of Th5 
9 

Anterior cutaneous 
branch of Th5 

8 

Posterior branch of Th6 1 
Lateral cutaneous 

branch of Th6 
4 

Anterior cutaneous 
branch of Th6 

3 

Posterior branch of Th7 1 
Lateral cutaneous 

branch of Th7 
3 

Anterior cutaneous 
branch of Th7 

3 

Posterior branch of Th8 0 
Lateral cutaneous 

branch of Th8 
0 

Anterior cutaneous 
branch of Th8 

1 

Posterior branch of Th9 1 
Lateral cutaneous 

branch of Th9 
1 

Anterior cutaneous 
branch of Th9 

5 

Posterior branch of 
Th10 

0 
Lateral cutaneous 
branch of Th10 

2 
Anterior cutaneous 

branch of Th10 
2 

Posterior branch of 
Th11 

3 
Lateral cutaneous 
branch of Th11 

0 
Anterior cutaneous 

branch of Th11 
1 

Posterior branch of 
Th12 

4 
Lateral cutaneous 
branch of Th12 

0 
Anterior cutaneous 

branch of Th12 
2 

 
Table 1 
Distribution of the 99 damaged cutaneous branches (n=66 patients). 
 

At the evaluation (t0), all cutaneous branches were classified (Table 2) as either 
hypoaesthetic (with a positive aesthesiography, 53 % of the total) or hypersensitive (with a 
positive allodynography, 47 %). None of them presented any somaesthetic disorders: a 
negative aesthesiography and a negative allodynography (Table 2). 

 
 

When the skin was hypoaesthetic (type A: n=52), the importance of partial hypoaesthesia 
measured with PPT was 38.0 g ±SD = 28.2 g (range: 0.2-75.1 g). At baseline (t0), 47% of 
those 99 cutaneous branches (Table 2) that were damaged were hypersensitive with a positive 
allodynography (type B: n=47). After DVCS treatment, 72% of these allodynographies 
became negative (n=34). The average DVCS duration was 76.3 days ±SD = 74.1days (range: 
6-355 days). 
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 At the evaluation (t0) 

Hypoaesthetic skin 
Type A  Positive aesthesiography  

53 % 
n=52 

Paradoxical painful-to-touch hypo-aesthetic skin
Type B  Positive allodynography  

47 % 
n=47 

Normal skin 
Negative aesthesiography 
Negative allodynography 

0 % 
n=0 

 
Table 2 
At the evaluation (t0), clinical anatomy status of the 99 damaged cutaneous branches (n=66 patients) either 
hypoaesthetic type A or painful to touch type B. 
 

The 34 damaged cutaneous branches with partial hypoaesthesia following treatment of 
their SMA (type B in the Figure 4) exhibited PPT values similar from those of the 52 
damaged cutaneous branches with initial partial hypoaesthesia (type A in the Figure 4), 
(p=0.767; Mann-Whitney Rank Sum Test). 

The median score was 2.2 in type B subgroup (Q1 = 1.3; Q3 = 15.1) and 2.65 in type A 
subgroup (Q1 = 1.3; Q3 = 11.7). Pain intensity as described by MPQ, at first day of testing 
(Supplementary Table 1), for the 66 patients from our cohort was 45.5 points ±SD = 28.2 
points (range: 20-86 points). Pain intensity of 14 tNPP was ≥ 60 points. 
 
  

 
Discontinued 

before 4 weeks 
(n=11) 

Discontinued 
after 4 weeks  

(n=13) 

Completed 
 

(n=42) 

Pain 
reduction 

≥ 50% 
0  4 36  

Algorithm 
efficacy 

0% 31 % (4 / 13) 86 % (36 / 42) 

61 % (40 / 66) 

 
Table 3 
Algorithm efficacy: In clinical practice (n= 66 patients),  somatosensory rehabilitation has been either 
discontinued at the beginning of the treatment (< 4 weeks), discontinued during the treatment ( ≥ 4 weeks) or 
completed. A pain reduction of at least 50% on the McGill Pain Questionnaire., pre- and post- treatment, is 
considered successful. 
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At clinical anamnesis, all 66 patients complained of neuropathic symptoms on the trunk. 
32 patients had several, from one to four, neuralgias associated with the intercostal neuralgia: 
trigeminal (2), occipital (3), cervical (10), brachial (27), another intercostal (42), lumbar 
abdominal (7), lumbar femoral (3), femoral (1), sciatic (8), sacral (2). 

Of the 66 patients treated with SRM, 24 (36.3 %) discontinued their somatosensory 
rehabilitation of pain before normalization of their hypoaesthetic skin. These interruptions of 
treatment were either caused by another medical disorder (i.e. patient required abdominal 
surgery) or by the patient’s choice (i.e. patient chose to follow another treatment such as 
physical therapy). One treatment was interrupted by the prescribing doctor authorizing return 
to work. In one case, treatment was discontinued by the SRM trained therapist, because the 
patient was unable to attend to her own body perceptions and could not complete the 
evaluation. 

Of these 24 patients, 11 did not complete one MPQ. Of the 42 patients of the original 
cohort that completed their treatment, all completed a final MPQ. Within the initial cohort of 
66 patients, 40 patients (Table 3) presented a pain reduction of at least 50% on the final MPQ: 
61 % (66 / 40 = 1.65).  
 

5. Discussion and conclusions 
From all observations in chronic tNPP, 100 % (Table 2) of the altered cutaneous sensibilities 
of the skin (n=99 branches) investigated in real conditions were either A) a hypoaesthetic 
(positive aesthesiography) or B) a hypo-aesthetic paradoxically painful-to-touch (positive 
allodynography). None of them presented a normal somaesthetic profile: a negative 
aesthesiography and a negative allodynography. Consequently, it is worthy to evaluate 
somatosensory abnormalities in tNPP, more specifically, Aβ neurofibre lesions and their 
tactile hypoaesthesia – this common clinical characteristic of pain in an area with partial or 
complete somatosensory loss (Jensen & Finnerup, 2014). These two subgroups of 
somatosensory abnormalities are summarized in Table 4. 
 

 
Type of 

neuropathic pain 
Skin status  Symptoms 

Clinical 
examination 

sign 
Diagnostic 

Type 
A 

Spontaneous 
Tactile 

hypoaesthesia  
Numbness Aesthesiography Neuralgia 

Type 
B 

Touch-evoked 
Tactile 

allodynia 
Hypersensitivity Allodynography 

Static 
mechanical 
allodynia 

 

Table 4 
The concept of Aβ pain allows neuropathic pain to be evaluated according to two subgroups, categorized by 
distinct clinical signs: A) aesthesiography mapping the territory of tactile hypoaesthesia and B) allodynography 
objectively describing and mapping the territory of tactile allodynia (Packham et al., 2013). 

 
In clinical practice, our observations that 40 out of 66 patients (61 %) treated with SRM 

had pain reduction of at least 50% on the MPQ suggest that it is valuable to consider 
somaesthetic and/or neuropathic conditions with an appropriate management algorithm (Fig. 



e-News Somatosens Rehab 2016, 13(1), in press 

20 
 

4) to treat spontaneous ongoing neuropathic pain and/or touch-evoked neuropathic pain. 
Hypoaesthetic territories were treated by basic somatosensory rehabilitation named 
rehabilitation of hyposensitivity (treatment A). Allodynic territories were treated initially by 
DVCS (treatment B1), and later, when allodynia disappeared, by basic somatosensory 
rehabilitation. If we only consider the tNPP who completed their treatment by reaching 
normal skin sensitivity, the positive outcomes increase from 61 % to 86 % (Table 3). 

As for peripheral neuropathic pain conditions, non-pharmacological treatments should be 
considered (Finnerup et al., 2005). Its clinical anatomy diagnosis is based on somatosensory 
abnormalities. One of the main interests of the present study is that the data were collected in 
clinical practice (Johnson et al., 1991; Johnson et al., 2012), in a single rehabilitation centre. 
An inter-tester assessment of twelve medical doctors with no specific training demonstrated 
the unsatisfactory reliability in detecting tactile hypoaesthesia in order to diagnose diabetic 
sensorimotor polyneuropathy (Dyck et al., 2010). In the present study, in order to maximize 
the inter-tester reliability, the data were collected exclusively by SRM trained therapists, who 
had completed the training course to assess NPP for tactile hypoaesthesia and tactile allodynia. 

In tNPP with neuropathic pain in a specific dermatome, the mapping of aesthesiography 
or allodynography is easier than in general NPP because the clinical anatomical concept of 
largest territory of cutaneous distribution is not necessary (Lanz von and Wachsmuth, 1935; 
Spicher et al., 2010, 2013). 34 patients (52 %) were presenting an intercostal neuralgia with 
only one damaged cutaneous branch (and not the three branches of one thoracic nerve as in 
PHN). Consequently, the complete dermatome is not always damaged. It is essential to 
consider that tNPP are not only PHN patients. In our cohort of intercostal neuralgia (n=71), 
associated diagnoses (Fig.1) extend beyond post-surgical patients (n=33) and PHN patients 
(n=4). Numerous provisional diagnoses were made, including: status post traumatic (n=20), 
cancer sequelae (n=6), idiopathic pain (n=4), etc. 
 In tNPP, as in PHN (Head and Campbell, 1900; Watson et al, 1991; Nurmikko, 1994; 
Gilron et al., 2006), hypersensitivity often spread outside the innervation territory of the 
affected nerve and overlapped the neighbouring nerve territories (one dermatome, or more, 
above and/or below), outside the area of spontaneous neuropathic pain (i.e. burning 
sensations). In tNPP, this cutaneous somatosensory abnormality, which has been named 
overlapping (Arner et al., 1990) or dyslocalization (Hansson, 1994), is considered as a 
qualitative and spatial widespread touch-evoked pain that can be precisely mapped. As tactile 
allodynia involves an increase in the duration of response to brief stimulation (Coderre et al., 
1993), the testing of the allodynography needs a careful mapping of only four points and not 
more (Fig. 3). As increased pain after repetitive stimulation - temporal summation of pain (Pfau 
et al., 2014) - and pain persisting after stimulation are specific descriptors of touch-evoked 
pain (Jensen & Finnerup, 2014), we did NOT test for hyperalgesia. In order to increase the 
level of sophistication in pain psychophysics (Magerl and Klein, 2006), we preferred to map 
only tactile hypoaesthesia and tactile allodynia. 

The mechanisms of basic somatosensory rehabilitation that normalize tactile 
hypoaesthesia remain unclear. Their review is beyond the scope of this paper. Further 
research is needed to corroborate the current findings and elucidate neuroplastic mechanisms 
in the somaesthetic system, accounting for these treatment effects: neighbour cutaneous 
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branches, ascending paths, parieto-occipital cortices (Inbal et al., 1987; Sadato, 2004) could 
be one of them.  

The mechanisms of DVCS need to be discussed. In NPI, if we consider the axonal lesions 
are both C and Aβ neurofibre injuries and NOT only C neurofibre injuries, it is reasonable to 
expect partial tactile hypoaesthesia.  The residual Aβ neurofibre evoke hypoaesthetic touch 
sensation. If central sensitization (Woolf, 1983; Woolf, 2011) is present, they should cause 
pain (Aβ pain). If DVCS turns off central sensitization, then sensation will return to what is 
expected after partial denervation: partial tactile hypoaesthesia. In the present sample of 66 
patients, some suffered from neuropathic pain over a period of several years (up to 40 years). 
These observations indicate that, even if the peripheral and central sensitizations have been 
established for a long time (Woolf et al., 1992; Koerber et al., 1999; Kohama et al., 2000; 
Klede et al., 2003; Todd and Koerber, 2006), they can still be reversed to eliminate touch-
evoked neuropathic pain. But the neurophysiological mechanisms underlying the reversal of 
central sensitization, in particular how vibrotactile stimuli may relieve pain, are still unclear 
(Inui et al., 2006; Spicher et al., 2008; Hollins et al. 2014). Even if the dynamic between the 
uninjured and the injured Aβ-fibres should be considered differently at three weeks, thirty 
months or three years after the lesions, touch-evoked neuropathic pain is largely due to 
impulses in large myelinated Aβ-fibres (Gracely et al., 1992; Devor, 2009, Sandkühler, 2009). 
Moreover, tactile allodynia, maintained by peripheral input (Devor and Tal, 2014), provides a 
partial explanation for DVCS mechanisms. One of the tasks of the SRM trained therapist is to 
delineate the zone of skin where tactile stimuli should be avoided and to educate the tNPP to 
transfer this prescription in his activities of daily living. In brief, damage in Aβ neurofibre and 
their tactile hypoaesthesia is peripheral; the mechanisms for pain sensitization are mostly 
centrally driven, with referral back to the peripheries where it is perceived as a paradoxical 
painful-to-touch hypo-aesthesia (McCabe, 2009). 

In 1979, the IASP replaced the concept of hyperaesthesia (Dejerine, 1914; Noordenbos, 
1959) with three different concepts: hyperalgesia, secondary hyperalgesia and allodynia in 
order to study their different underlying physiological mechanisms (Merskey, 1979). If the 
pathogenesis of hyperalgesia and dynamic mechanical allodynia (DMA) is C fibers lesions 
(Baron and Saguer, 1995; Attal et al., 1998; Maihöfner et al., 2010; Scadding and Kolzenburg, 
2013), the physiological mechanism of SMA is different. Sensitized nociceptors show an 
exaggerated response to suprathreshold heat and mechanical stimuli: heat and mechanical 
hyperalgesia (Campbell and Meyer, 2006; Scadding and Kolzenburg, 2013). However, the 
sensitized nociceptor hypothesis does not explain tactile allodynia. A significant body of 
evidence indicates that hypersensitivity to touch is signalled by low-threshold Aβ touch 
afferents, NOT sensitized nociceptors (Bouhassira and Attal, 2012; Hehn von et al., 2012; 
Scadding and Kolzenburg, 2013; Devor, 2013; Marchand, 2014). At baseline (t0), 47 positive 
allodynographies (type B) were mapped on 66 tNPP. Through DVCS, 34 of these 47 
allodynographies became negative and their underlying hypoaesthetic territory always 
appeared. In PNI, these data confirm a relationship between the hypersensitive territory (SMA) 
and the underlying territory of partial denervation (Spicher et al. 2008). Even if they did not 
formally correlate these two somatosensory abnormalities, other authors have documented the 
two clinical examination signs (Muller and Winkelmann, 1969; Moriwaki et al., 1994; 
Moriwaki and Yuge, 1999; Jensen and Finnerup, 2014). 
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In conclusion, in tNPP, the evolution of two types of initial somatosensory abnormalities 
A) partial tactile hypoaesthesia and B) paradoxical hypo-aesthesia painful- to-touch into 
similar clinical presentations confirms the management algorithm for clinical reasoning (Fig. 
4). The Aβ neurofibre, whose partial lesions are physiologically reflected in an area of partial 
hypoaesthesia and generate spontaneous and/or touch-evoked neuropathic pain (Hansson, 
2003), should be considered co-contributors to pain perception (Packham et al., 2013; see also 
Table 4). To elaborate these findings, the presence of Aβ neurofibre lesions as a hypothetical 
cause of neuropathic pain should not be considered merely theoretical. It is a clinical 
hypothesis which supports the treatment of NPP, in particular amongst thoracic neuropathic 
pain patients (tNPP). This article demonstrates the possibility of mapping cutaneous 
somatosensory abnormalities through aesthesiography and allodynography but with a very 
specific evaluation using the qualifiers of the MPQ. “Another problem in translating from a 
symptom or sign to the underlying mechanism relates to the methods used to classify 
patients.” (Jensen and Kehlet, 2011, p.12). The SRM provides the opportunity not only to 
objectively classify, but to reduce neuropathic pain in Aβ neurofibre lesions, and ultimately 
the suffering of these patients, as well. 
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Suppl.Table 1 Demographic data, pain duration and intensity of neuropathic pain at first 
session in 71 patients with intercostal neuralgia (66 NPP included + 5 NPP excluded) 
Patient Diagnosis Treatment Pain 

duration 
(years) 

t0 pain 
intensity 
MPQ 
(%) 

Nb. F/M 
Age 
(years) 

 
 

1 F 46 L Status post traumatic1 Gabapentin 4 50 
2 H 40 L Idiopathic pain Gabapentin 3 52 
3 H 63 R Status post surgery2 Flupantixol 3.5 28 
4 H 43 R Status post surgery Bupivacaine 

blockade 
1.5 59 

5 F 39 R Status post traumatic Gabapentin 2 17 
6 F 48 R Status post surgery Oxycodon 2 59 
7 F 39 L Status post traumatic - 3 47 
8 F 62 L Status post breast cancer - 2 30 
9 H 37 L Status post traumatic Bupivacaine 

blockade 
0.5 62 

10 F 54 L Idiopathic pain  12 63 
11 F 53 L & R Idiopathic pain Gabapentin 14 28 

12 H 49 L & R Status post surgery Gabapentin 2 Not 
Completed

13 H 53 R Status post traumatic & 
post breast cancer 

Bupivacaine 
blockade, 
Capsaicin, 
Gabapentin 

2 28 

14 F 51 L Idiopathic pain  1 34 
15 F 39 R Status post thyroid 

cancer 
- 

0.5 53 

 
F, female; M, male; L, left; R, right. In italic: NNP excluded (n=5) 
t0, at the day of the initial testing; MPQ, McGill Pain Questionnaire 
1 Post traumatic as: car crash (n=2), intimate partner violence (n=2), boots kicks in the back 
during Bosnia war (n=1), violent sneezing (n=1), parapente crash (n=1), etc. 
2 Post surgery as: thoracotomy (n=9), cholecystectomy (n=5), post breast implant (n=2), 
foraminectomy, C6-C7 (n=1), post liver transplantation (n=1), etc. 
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Patient Diagnosis Treatment Pain 
duration 
(years) 

t0 pain 
intensity 
MPQ 
(%) 

Nb. F/M 
Age 
(years) 

 
 

16 H 46 R Status post traumatic Naltrexone 5.5 25 
17 H 44 L Status post surgery Clonazepam 1 45 
18 F 47 R Status post surgery Gabapentin 1 31 
19 H 61 L Status post surgery Gabapentin 1 36 
20 F 44 R Status post surgery Clonazepam, 

Amitriptyline 
0.5 33 

21 F 51 R Status post breast cancer Bupivacaine 
blockade, 
Amitriptyline 

1 43 

22 F 56 R Status post traumatic Duloxetine 3.5 67 
23 F 39 R Status post surgery - 11 33 
24 F 58 L & R Status post breast 

cancer 
Gabapentin 

1 61 

25 F 24 L Anorexic polyneuro- 
Pathy 

- 
0.5 53 

26 F 29 L Status post surgery Tramadol  1 36 
27 F 46 L Status post breast cancer Gabapentin 2 60 
28 H 52 L Status post surgery Oxycodon, 

Clonozepam 
43.5 36 

29 F 72 L & R Status post surgery - 0.5 22 
30 F 44 R Status post traumatic Tramadol 3 52 
31 F 58 L Status post-herpetic Pregabalin 0.5 5 
32 F 25 R Status post traumatic Oxycodon 6 74 
33 F 48 L & R Status post surgery Oxycodon 3.5 86 
34 F 68 L Skeletal hyperosthosis - 4.5 41 
35 F 50 R Status post surgery Gabapentin 30 67 
36 F 71 R Status post-herpetic Tramadol 3.5 45 
 
F, female; M, male; L, left; R, right. In italic: NNP excluded (n=5) 
t0, at the day of the initial testing; MPQ, McGill Pain Questionnaire 
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Patient Diagnosis Treatment Pain 
duration 
(years) 

t0 pain 
intensity 
MPQ 
(%) 

Nb. F/M 
Age 
(years) 

 
 

37 F 40 L & R Status post 
traumatic 

Gabapentin 
5 73 

38 F 47 R Status post surgery Codeine 1.5 38 
39 F 45 L & R Status post surgery Pregabalin 1.5 62 
40 F 40 L Status post traumatic Gabapentin 5 20 
41 F 33 L & R Status post surgery Oxycodons 16 72 
42 F 56 R Status post surgery Pregabalin 0.5 47 
43 F 46 L Status post surgery Clonazepam 0.5 22 
44 F 61 L Status post traumatic SCS 4.5 64 
454 F 45 L & R Status post 

traumatic 
Pregabalin  

1.5 34 

46 H 34 L Status post surgery - 15 Not 
Completed

47 F 25 L Status post traumatic Pregabalin 0.5 31 
48 F 41 R Status post surgery - 2.5 52 
49 H 45 R Status post-herpetic Bupivacaine 

blockade, 
Topical 
lidocaine 

2 66 

50 F 16 R Fibromyalgia Topical 
lidocaine, 
trimipramine 

2 31 

51 F 57 R Status post surgery Morphine 0.5 25 
 
F, female; M, male; L, left; R, right. In italic: NNP excluded (n=5) 
SCS: Spinal Cord Stimulation 
t0, at the day of the initial testing; MPQ, McGill Pain Questionnaire 

                                                 
4 Desfoux, N., Al-Khodairy, A. & Spicher, C.J. (2008). Névralgie dorso-intercostale avec 
allodynie mécanique: Diminution rapide de douleurs neuropathiques chroniques par 
rééducation sensitive. e-News Somatosens Rehab, 5(1), 10-32. 
http://www.unifr.ch/neuro/rouiller/somesthesie/enews2008/e-News%205%281%29.pdf#page=10 
(16/01/02) 
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Patient Diagnosis Treatment 
Pain 
duration 
(years) 

t0 pain 
intensity 
MPQ 
(%) 

Nb. F/M 
Age 
(years) 

 
 

52 F 20 L Status post surgery Pregabalin 2.5 59 
53 F 46 L & R lumbo-

costovertebral syndrome 
Oxycodon, 
trimipramine 

20 42 

54 F 47 L Status post traumatic Tramadol 0.5 77 
55 F 73 R Status post surgery Duloxetine 0.5 22 
56 F 17 L & R Status post surgery Pregabalin 1 75 
57 H 33 R Status post traumatic Tramadol 0.5 25 
58 F 17 R Status post surgery - 2 27 
59 H 61 L & R Status post 

traumatic 
Pregabalin 0.5 38 

60 H 61 
R Status post surgery 

Oxycodon, 
trimipramine 

5 45 

61 H 51 L Status post-herpetic Gabapentin 0.5 41 
62 F 38 R Status post traumatic Pregabalin 0.5 51 
63 F 26 L Status post traumatic - 1 44 

64 H 33 L Status post surgery Pregabalin 4 Not 
Completed

65 F 58 R Status post surgery Neurontin 4 Not 
Completed 

66 F 19 L Status post surgery - 2 31 
67 F 22 L & R Paraplegia Pregabalin 4.5 62 
685 F 35 L Status post surgery Pregabalin 2.5 27 
69 F 44 R Cervical syndrome  - 43 69 
70 F 50 R Status post surgery  Gabapentin 0.5 44 
71 F 64 L Status post surgery Carbamazepin 0.5 60 
 
F, female; M, male; L, left; R, right. In italic: NNP excluded (n=5) 
t0, at the day of the initial testing; MPQ, McGill Pain Questionnaire 
  
 

                                                 
5 Desfoux, N., Fehlmann, P., de Reynier, J.-C. & Spicher, C.J. (2009). Névralgie dorso-
intercosto-brachiale incessante avec allodynie mécanique : Fait clinique d’une diminution 
rapide de douleurs neuropathiques chroniques par rééducation sensitive. e-News Somatosens 
Rehab, 6(3), 105-127 : 
http://www.unifr.ch/neuro/rouiller/somesthesie/enews2009/e-News%206%283%29.pdf#page=18 
(16/01/02). 


