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Abstract 

The aim of this study was to investigate tactile sensitivity near the site of primary hyperalgesia evoked 

by capsaicin applied topically to the dorsolateral aspect of the hand. In the first experiment (N = 15), 

touch thresholds increased in the fifth finger ipsilateral to the topically applied capsaicin, but 

remained unchanged at greater distances from the site of capsaicin treatment. In a second experiment 

(N = 12), the effect of the capsaicin treatment on sensations evoked not only by light touch but also by 

warmth, heat-pain, and pressure-pain to a 2-mm diameter steel probe was investigated in the fifth 

finger. Again, tactile sensitivity was inhibited at the fifth finger, even though stimulation with a cotton 

bud evoked no discomfort; moreover, sensitivity to warmth and heat-pain were unimpaired. However, 

sensitivity to pressure-pain increased in the fifth finger after the capsaicin treatment, possibly due to 

activation of nociceptors sandwiched between the probe tip and bone that normally responded to 

sharp stimuli. These findings suggest that the central mechanisms that mediate secondary mechanical 

hyperalgesia suppress sensitivity to innocuous tactile sensations. This effect may contribute to tactile 

hypoesthesia in chronic pain conditions. 
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Introduction 

Even in the absence of primary afferent nerve dysfunction, chronic pain is often associated with 

sensory impairment (Moriwaki et al. 1994; Moriwaki and Yuge 1999; Leffler et al. 2000a). Moreover, 

in conditions such as complex regional pain syndrome, sensory impairment may extend well outside 

the region of injury and pain—sometimes in a hemilateral distribution (Thimineur et al. 1998; 

Rommel et al. 1999, 2001; Drummond and Finch 2006).  

Similar effects, although on a smaller scale, have been reproduced in human experimental pain 

models (Apkarian et al. 1994; Bolanowski et al. 2000; Leffler et al. 2000b; Magerl and Treede 2004). 

For example, heating the thenar eminence to levels that induced pain was found to suppress local 

vibrotactile perception independently of shifts in attention or arousal (Apkarian et al. 1994). 

Sensitivity of the thenar eminence to vibratory stimuli also decreased after noxious heat was applied 

to the dorsomedial forearm and wrist (Bolanowski et al.  2000). In another study of healthy 

volunteers, the site of intradermal injection of 40 µg capsaicin in the forearm was surrounded by an 

area of sensitivity to pinprick stimuli (secondary hyperalgesia) which, in turn, was surrounded by an 

area of reduced sensitivity to light touch (tactile hypoesthesia) (Magerl and Treede 2004). Similarly, 

tactile sensitivity decreased in the area of referred pain (generally the upper arm) after an injection of 

hypertonic saline into the infraspinatus muscle (Leffler et al. 2000b). 

These effects suggest an association between tactile hypoesthesia and the spinal and supraspinal 

mechanisms that sensitize responses to noxious stimulation (Moriwaki et al. 1994; Moriwaki and 

Yuge 1999; Bolanowski et al. 2000; Magerl and Treede 2004). However, noxious heat or intradermal 

injections of capsaicin or hypertonic saline could also release inflammatory products in the skin that 

interfere with normal sensory processing (e.g., pro- or anti-inflammatory cytokines) (Saade et al. 

2002; Angst et al 2008). Thus, the aim of the present study was to determine whether topically applied 

capsaicin, which is mildly painful but does not evoke tissue injury or inflammatory mediator release 

(Reilly and Green 1999), would produce local tactile hypoesthesia near the site of primary 

hyperalgesia in healthy subjects. An additional aim was to determine whether topical capsaicin 



interfered with the perception of stimuli in other sensory modalities near the site of application. As 

secondary hyperalgesia is more prominent for mechanical than thermal stimulation (Raja et al. 1984), 

it was hypothesized that hypoesthesia near the site of capsaicin application would be more prominent 

for mechanical than thermal stimuli. 

 

Materials and methods 

Participants 

The sample consisted of 7 men and 20 women aged between 18 and 52 years who were free of 

chronic pain. The experiments were conducted in accordance with the Declaration of Helsinki. Each 

subject provided their informed consent for the procedures, which were approved by the Murdoch 

University Human Research Ethics Committee. Neither the experimenter nor the participants were 

aware of the hypotheses under investigation. 

Procedures 

The procedures were administered in a temperature-controlled room maintained at 21 ± 1°C. The site 

of capsaicin application (the dorsal aspect of the right hand in the distribution of the ulnar nerve, 

Figure 1) was cleaned with soap and water and an alcohol swab. A solution containing 0.02 M 

capsaicin (0.6%) was prepared by dissolving capsaicin powder (Sigma, Sydney, Australia) in 50% 

ethanol in water (Culp et al. 1989). Three hundred µl of this solution was placed on the gauze pad of 

an elastic dressing (2.0 cm × 2.5 cm), which was applied to the cleaned skin. The dressing was 

covered with plastic tape to retard evaporation of the capsaicin solution. After 30 min, the dressing 

was removed and the residual capsaicin was washed from the skin with soap and water. 

In 15 participants, calibrated nylon monofilaments (Semmes-Weinstein aesthesiometer, Stoelting, 

Chicago, IL, USA) were used to investigate tactile sensitivity before the capsaicin was applied and 

shortly after it was washed from the skin on the dorsal aspect of the first, third, and fifth fingers of 

each hand (within, respectively, the distal distribution of the radial, median, and ulnar nerves) just 



proximal to the base of the fingernail (Figure 1). The sites were tested 4 times with each filament at 5- 

to 10-s intervals. Participants closed their eyes and were instructed to identify the site of stimulation if 

they noticed a sensation. The sequence started with filament 2.44 (nominal bending force log[10 × 

2.44] mg). Sufficient force was applied to bend the filament for 1 s. Stronger filaments (3.22, 3.84, 

4.08, 4.56, and 5.64) were then used as required, until participants were able to detect at least 50% of 

trials with the same filament (the touch threshold). Test administration took approximately 15 min. At 

the conclusion of testing, pain at the capsaicin-treated site averaged 4.7 ± 2.2 (SD) on a 1–10 verbal 

rating scale where 1 corresponded to “no pain”, 5 to “moderate pain”, and 10 to “extremely intense 

pain”. 

In another 12 participants, touch thresholds were investigated in the fifth finger before and after the 

application of capsaicin, as described above. In addition, warmth and heat-pain thresholds were 

investigated in the same region with a thermocouple-controlled radiant heat lamp (Figure 1). Skin 

temperature increased from 30°C at 0.5°C/s to 48°C or until the participant signalled warmth or heat-

pain. Pressure-pain thresholds were investigated in the fifth finger with a purpose-built 1-mm radius 

steel probe with a hemispheric tip that was linked to a pressure sensor. Pressure of application was 

monitored on a digital display and was increased at a constant rate by the experimenter until it was 

perceived as painful. The warmth, heat-pain, and pressure-pain thresholds were defined as the average 

of three trials. Allodynia around the site of capsaicin application was also mapped out by dragging a 

cotton wool bud slowly across the hand toward the capsaicin-treated site (Figure 1). The participant 

was asked to report when the sensation changed from light touch to discomfort. Sensitivity to touch 

was investigated first, followed by tests of sensitivity to pressure-pain, warmth, and heat-pain. Test 

administration took 20–25 min. At the conclusion of testing, pain at the capsaicin-treated site 

averaged 5.2 ± 2.2 (SD) (i.e., moderately painful) on the 1–10 verbal rating scale described above. 

Statistical approach 

In the first group of subjects, touch thresholds were investigated in Time (before vs. after the 

application of capsaicin) × Side (ipsilateral vs. contralateral to capsaicin) × Site (first, third, or fifth 

finger) repeated measures analyses of variance. In the second group, touch, warmth, heat-pain, and 



pressure-pain thresholds were investigated in separate Time (before vs. after the application of 

capsaicin) × Side (ipsilateral vs. contralateral to capsaicin) repeated measures analyses of variance. A 

value of p < 0.05 was considered to be statistically significant. 

 

Results 

In the second group of subjects, the touch threshold again increased in the fifth finger ipsilateral to the 

topically applied capsaicin [interaction between Time and Side, F(1, 11) = 34.1, p < 0.001] (Figure 

3A). In contrast, pressure-pain thresholds initially were high but decreased in this finger after the 

capsaicin treatment, consistent with the development of mechanical hyperalgesia [interaction between 

Time and Side, F(1, 11) = 73.8, p < 0.001] (Figure 3B). Both before and after the capsaicin treatment, 

warmth thresholds were higher on the right side than the left [main effect for Side, F(1, 11) = 8.75, p 

< 0.05] (Figure 3C); in addition, thresholds decreased at both sites after the capsaicin application 

[main effect for Time, F(1, 11) = 16.0, p < 0.01]. Similarly, heat-pain thresholds were higher on the 

right side than the left both before and after the topically applied capsaicin [main effect for Side, F(1, 

11) = 7.74, p < 0.05] (Figure 3D); however, heat-pain thresholds did not change significantly at either 

site after the capsaicin application. Allodynia to the movement of a cotton bud across the skin was 

detected between 5 and 30 mm around the site of capsaicin application. However, as sites of sensory 

testing in the fifth finger were greater than 50 mm from the capsaicin-treated site, stimulation with the 

cotton bud evoked no discomfort at these sites. 

 

Discussion 

Sensitivity to mechanical stimulation and heat generally increases at sites of cutaneous inflammation 

and tissue injury. This primary hyperalgesia is mediated, at least in part, by an increased excitability 

of primary afferent nociceptors (Culp et al. 1989; LaMotte et al 1992). Surrounding the site of 

primary hyperalgesia is a zone of heightened sensitivity to punctate stimuli (secondary hyperalgesia), 



and discomfort can sometimes be evoked within this zone by lightly brushing the skin (allodynia). 

The tenderness surrounding the region of primary hyperalgesia is mediated by sensitization of spinal 

neurons that transmit nociceptive impulses within the central nervous system (LaMotte et al. 

1991; Simone et al. 1991; Torebjork et al. 1992). In particular, allodynia appears to involve 

sensitization of spinal neurons that receive input from low-threshold mechanoreceptors (LaMotte et 

al. 1992; Kilo et al 1994), whereas sensitization of spinal neurons that are activated by nociceptive A-

δ fibres mediates hyperalgesia to punctate stimuli (Ziegler et al. 1999; Magerl et al, 2001; Klede et al 

2003). Allodynia is generally less extensive and resolves more rapidly than hyperalgesia to punctate 

stimuli (LaMotte et al. 1991), implying greater excitation of spinal wide dynamic range neurons by 

convergent nociceptive than non-nociceptive input. In the present study, central sensitization probably 

mediated discomfort evoked by gentle tactile stimulation around the site of capsaicin application. 

Hyperalgesia to blunt pressure applied over soft tissue in the forearm or leg is limited to the area of 

primary hyperalgesia (Kilo et al. 1994). Nevertheless, sensitivity to pressure increased several cm 

from the site of capsaicin application and surrounding allodynia in the present study, in a region of the 

dorsal finger comprising a thin layer of skin over bone. Pressure applied to skin appears to evoke 

nociceptive activity in deep tissues (e.g., muscle or bone) rather than the skin, because topical 

application of local anaesthetic cream does not increase pressure-pain thresholds (Kosek et al. 1995). 

Tonic pressure applied to human skin increases activity in initially mechanically insensitive 

nociceptors in proportion to ratings of pain (Schmidt et al. 2000). Repetition of the tonic stimulus 

results in more intense pain and sensitization of these nociceptors, similar to the sensitization evoked 

by intracutaneous capsaicin injection (Schmelz et al. 2000). The blunt probe employed in the present 

study may have evoked mechanical hyperalgesia in the secondary zone (normally evoked by punctate 

rather than blunt stimuli) because pressure applied to the thin layer of skin overlying bone was more 

effective at inducing nociceptor discharge than applying pressure over soft tissue. For example, the 

blunt probe might have assumed a “sharp” quality for cutaneous tissues sandwiched between the 

probe tip and bone, due to activation of A-δ nociceptors that respond to punctate stimuli (Ziegler et al. 

1999; Magerl et al 2001; Klede et al. 2003). In any case, hyperalgesia most likely was mediated by 



spinal nociceptive neurons sensitized by input originating at the site of capsaicin application (LaMotte 

et al. 1991; Simone et al 1991; Torebjork et al 1992) as the hyperalgesia was limited to the capsaicin-

treated side. 

Like previous studies that employed thermal stimuli at or below the heat-pain threshold (Hardy et al. 

1950; Raja et al 1984; LaMotte et al 1991; Kilo et al 1994; Ali et al 1996), neither the warmth nor 

heat-pain threshold differed between sites of secondary mechanical hyperalgesia and control sites in 

the present study. However, in certain circumstances hyperalgesia to heat appears to develop after a 

delay in the zone of secondary mechanical hyperalgesia (e.g., Sumikura et al. 2003, 2005). It depends 

on characteristics such as the duration and intensity of the heat stimulus (Sumikura et al. 2005), and 

may involve both peripheral sensitization of nociceptive C-fibres and central sensitization to input 

from nociceptive A-δ fibres (Sumikura et al. 2005). Increased sensitivity to warmth was detected in 

both hands after the capsaicin application, possibly reflecting a learning effect or peripheral 

sensitization with repeated testing (Leffler et al. 200b). 

Magerl and Treede (2004) identified a zone of tactile hypoesthesia that extended beyond the region of 

secondary hyperalgesia induced by an intradermal injection of capsaicin. Similarly, heat-evoked pain 

in the forearm was found to suppress sensitivity to vibratory stimulation in the thenar eminence 

(Bolanowski et al. 2000). This tactile hypoesthesia was not merely due to distraction because it was 

limited to a region around the site of capsaicin injection (Magerl and Treede 2004) and was induced 

by painful stimulation at some forearm sites but not others (Bolanowski et al. 2000). Similarly, in the 

present study, both tactile hypoesthesia and mechanical hyperalgesia were evoked by the topical 

application of capsaicin. The hypoesthesia was detected within the same peripheral nerve distribution 

as the topically applied capsaicin (the ulnar nerve) but did not develop in adjacent median or radial 

nerve territories. While this implies that the tactile hypoesthesia was limited in its distribution to a 

single nerve territory, this explanation is not consistent with experimental findings (Bolanowski et al. 

2000; Magerl and Treede 2004) or clinical observations which suggest that spinal and supraspinal 

mechanisms mediate tactile hypoesthesia (Moriwaki et al. 1994; Moriwaki and Yuge 1999). It is 

unlikely that inflammatory products influenced the development of tactile hypoesthesia in the present 



study because the flare induced by topical capsaicin treatment is not associated with inflammatory 

mediator release (Reilly and Green 1999). 

Sensitivity to heat increases initially at the site of capsaicin administration whereas touch thresholds 

and sensitivity to pain induced by mechanical stimulation do not change (Simone and Ochoa 1991). 

Conversely, desensitization to the repeated application of capsaicin is associated with decreases in 

sensitivity to heat-pain but no change in touch thresholds or sensitivity to painful mechanical 

stimulation (Simone and Ochoa 1991; Fuchs et al 2000). In vitro studies on a rat hindpaw skin–

saphenous nerve preparation have confirmed that polymodal C-fibre afferents are sensitive to 

capsaicin whereas C-fibres responsive only to mechanical stimulation are insensitive to capsaicin 

(Seno and Dray 1993). Similarly, polymodal A-δ fibres are activated by capsaicin whereas mechano-

sensitive A-δ fibres are not. Together, these findings indicate that capsaicin does not directly affect 

the threshold of mechano-sensitive fibres. Magerl and Treede 2004) reported that the sensory nerve 

action potential provoked by local electrical stimulation around the site of intradermal capsaicin 

injection was unimpaired. Thus, nerve conduction in the A-β fibres that relay information about light 

tactile stimulation to the central nervous system apparently remained intact in the hypoesthetic skin. 

Magerl and Treede postulated that impulse traffic from capsaicin-sensitive C-fibres inhibited spinal 

mechanoreceptive input, perhaps via inhibitory presynaptic connections with A-β fibres (Janig and 

Zimmermann 1971). If so, this could compromise tactile sensitivity and promote allodynia and 

secondary hyperalgesia. 

Alternatively, supraspinal mechanisms could contribute to the tactile hypoesthesia that sometimes 

develops at sites remote from the source of pain (Moriwaki and Yuge 1999; Rommel et al. 1999). 

Somatosensory cortical responsiveness to innocuous stimuli diminishes in painful conditions such as 

carpal tunnel syndrome (Tecchio et al. 2002) and complex regional pain syndrome (Pleger et al. 2005, 

2006). Tactile sensitivity may improve following relief of chronic pain (Moriwaki and Yuge 1999). 

Moreover, treatments that inhibit pain also reverse the somatosensory cortical deficit (Maihofner et al. 

2004) in line with improvements in tactile sensitivity (Pleger et al. 2005). These observations suggest 

that persistent pain suppresses activity in regions of the primary somatosensory cortex that normally 



respond to innocuous tactile sensations (Apkarian et al. 1992). This inhibitory process may extend 

well beyond the receptive fields of the activated nociceptive neurons (Moriwaki et al. 1994; Moriwaki 

and Yuge 1999; Bolanowski et al. 2000). 

With the possible exception of the hands, pain perception appears to be symmetrical (Sarlani et al. 

2003; Schaffner et al. 2008). When differences are detected, the left hand generally is more sensitive 

to pain than the right (Wolff et al. 1965; Brennum et al. 1989; Chandramouli et al. 1993; Sarlani et al. 

2003), even in subjects with left-hand dominance (Lugo et al. 2002). In the present study, all but two 

of the participants were right-handed. Before the capsaicin application, the left hand was more 

sensitive to pressure-pain than the right (Brennum et al. 1989); moreover, the left hand was more 

sensitive to thermal stimulation than the right both before and after the capsaicin application (Lugo et 

al. 2002; Sarlani et al. 2003). The mechanism of asymmetry in pain perception is uncertain, but 

perhaps reflects asymmetry of pain modulation processes or cortical processing which focus attention 

on infrequent (but thereby behaviourally relevant) sensations of pain in the left hand (Wolff et al. 

1965; Coghill et al. 2001; Symonds et al 2006). 

One limitation of the approach used in the present study was that pain and secondary hyperalgesia 

subsided fairly rapidly after the topical application of capsaicin. Because of the time constraints that 

this imposed, examination was limited to a single modality or location several cm from the capsaicin 

treatment. Nevertheless, the capsaicin-treated site was still moderately painful at the conclusion of 

both studies. In previous reports, tactile hypoesthesia was distributed 6–7 cm around the site of 

capsaicin injection (Magerl and Treede 2004), whereas heat-pain to the dorsomedial forearm inhibited 

vibro-tactile sensitivity 21 cm away in the thenar eminence (Bolanowski et al. 2000). Curiously, 

however, heat applied to the volar aspect of the forearm did not affect the vibratory threshold even 

though this was the same distance from the thenar eminence. Bolanowski et al. (2000) suggested that 

this discrepancy may be related to somatotopic organization, as the dorso-medial forearm is in the 

same dermatome as the thenar eminence whereas the volar forearm is in a different dermatome. 

In summary, tactile hypoesthesia was detected in the fifth finger after capsaicin was applied to the 

dorsolateral aspect of the hand, but not in more medial fingers. Factors that influence the extent of 



tactile hypoesthesia (e.g., the location, modality, intensity, and duration of the nociceptive stimulus, 

and the distribution and persistence of secondary hyperalgesia) require further investigation. In 

particular, it would be interesting to determine whether secondary hyperalgesia evoked by persistent 

widely distributed experimental pain could result in the hemilateral pattern of tactile hypoesthesia and 

other sensory disturbances seen in complex regional pain syndrome (Rommel et al. 1999, 2001; 

Drummond and Finch 2006), and whether the hypoesthesia disappears at the same time that the 

secondary hyperalgesia resolves. 

 

Acknowledgement 

This study was supported by the National Health and Medical Research Council of Australia. 

Declaration of interest: The authors report no conflicts of interest, and they alone are responsible for 

the content and writing of the paper. 

 

References 

Ali Z, Meyer RA, Campbell JN. Secondary hyperalgesia to mechanical but not heat stimuli following 
 a capsaicin injection in hairy skin. Pain 1996; 68(2–3)401–411 

Angst MS, Clark JD, Carvalho B, Tingle M, Schmelz M, Yeomans DC. Cytokine profile in human 
 skin in response to experimental inflammation, noxious stimulation, and administration of a 
 COX-inhibitor: A microdialysis study. Pain 2008; 139(1)15–27 

Apkarian AV, Stea RA, Bolanowski SJ. Heat-induced pain diminishes vibrotactile perception: A 
 touch gate. Somatosens Mot Res 1994; 11(3)259–267 

Apkarian AV, Stea RA, Manglos SH, Szeverenyi NM, King RB, Thomas FD. Persistent pain inhibits 
 contralateral somatosensory cortical activity in humans. Neurosci Lett 1992; 140(2)141–147 

Bolanowski SJ, Maxfield LM, Gescheider GA, Apkarian AV. The effects of stimulus location on the 
 gating of touch by heat- and cold-induced pain. Somatosens Mot Res 2000; 17(2)195–204 

Brennum J, Kjeldsen M, Jensen K, Jensen TS. Measurements of human pressure-pain thresholds on 
 fingers and toes. Pain 1989; 38(2)211–217  

Chandramouli R, Kanchan BR, Ambadevi B. Right–left asymmetry in tonic pain perception and its 
 modification by simultaneous contralateral noxious stimulation. Neuropsychologia 
 1993; 31(7)687–694 



Coghill RC, Gilron I, Iadarola MJ. Hemispheric lateralization of somatosensory processing. J 
 Neurophysiol 2001; 85(6)2602–2612 

Culp WJ, Ochoa J, Cline M, Dotson R. Heat and mechanical hyperalgesia induced by capsaicin. Cross 
 modality threshold modulation in human C nociceptors. Brain 1989; 112(Pt 5)1317–1331 

Drummond PD, Finch PM. Sensory changes in the forehead of patients with complex regional pain 
 syndrome. Pain 2006; 123(1–2)83–89 

Fuchs PN, Campbell JN, Meyer RA. Secondary hyperalgesia persists in capsaicin desensitized skin. 
 Pain 2000; 84(2–3)141–149 

Hardy JD, Wolff HG, Goodell H. Experimental evidence on the nature of cutaneous hyperalgesia. J 
 Clin Invest 1950; 29(1)115–140 

Janiq W, Zimmermann M. Presynaptic depolirization of myelinated afferent fibres evoked by 
 stimulation of cutaneous C-fibres. J Physiol 1971; 214(1)29–50 

Kilo S, Schmelz M, Koltzenburg M, Handwerker HO. Different patterns of hyperalgesia induced by 
 experimental inflammation in human skin. Brain 1994; 117(Pt 2)385–396 

Klede M, Handwerker HO, Schmelz M. Central origin of secondary mechanical hyperalgesia. J 
 Neurophysiol 2003; 90(1)353–359 

Kosek E, Ekholm J, Hansson P. Increased pressure pain sensibility in fibromyalgia patients is located 
 deep to the skin but not restricted to muscle tissue. Pain 1995; 63(3)335–339 

LaMotte RH, Lundberg LE, Torebjork HE. Pain, hyperalgesia and activity in nociceptive C units in 
 humans after intradermal injection of capsaicin. J Physiol 1992; 448: 749–764 

LaMotte RH, Shain CN, Simone DA, Tsai EF. Neurogenic hyperalgesia: Psychophysical studies of 
 underlying mechanisms. J Neurophysiol 1991; 66(1)190–211 

Leffler AS, Kosek E, Hansson P. The influence of pain intensity on somatosensory perception in 
 patients suffering from subacute/chronic lateral epicondylalgia. Eur J Pain 2000a; 4(1)57–71 

Leffler AS, Kosek E, Hansson P. Injection of hypertonic saline into musculus infraspinatus resulted in 
 referred pain and sensory disturbances in the ipsilateral upper arm. Eur J Pain 2000b; 
 4(1)73–82 

Lugo M, Isturiz G, Lara C, Garcia N, Eblen-Zaijur A. Sensory lateralization in pain subjective 
 perception for noxious heat stimulus. Somatosens Mot Res 2002; 19(3)207–212 

Magerl W, Fuchs PN, Meyer RA, Treede RD. Roles of capsaicin-insensitive nociceptors in cutaneous 
 pain and secondary hyperalgesia. Brain 2001; 124(Pt 9)1754–1764 

Magerl W, Treede RD. Secondary tactile hypoesthesia: A novel type of pain-induced somatosensory 
 plasticity in human subjects. Neurosci Lett 2004; 361(1–3)136–139 

Maihofner C, Handwerker HO, Neundorfer B, Birklein F. Cortical reorganization during recovery 
 from complex regional pain syndrome. Neurology 2004; 63(4)693–701 

Moriwaki K, Yuge O. Topographical features of cutaneous tactile hypoesthetic and hyperesthetic 
 abnormalities in chronic pain. Pain 1999; 81(1–2)1–6 



Moriwaki K, Yuge O, Nishioka K, Yamanoue T, Nakao M. Reduction in the size of tactile 
 hypesthesia and allodynia closely associated with pain relief in patients with chronic pain. 
 Proceedings of the 7th World Congress on Pain. Progress in Pain Research and Management, 
 GF Gebhart, DL Hammond, TS Jensen. IASP Press, Seattle, WA 1994; 2: 819–830 

Pleger B, Ragert P, Schwenkreis P, Forster AF, Wilimzig C, Dinse H, Nicolas V, Maier C, Tegenthoff 
 M. Patterns of cortical reorganization parallel impaired tactile discrimination and pain 
 intensity in complex regional pain syndrome. NeuroImage 2006; 32(2)503–510 

Pleger B, Tegenthoff M, Ragert P, Forster AF, Dinse HR, Schwenkreis P, Nicolas V, Maier C. 
 Sensorimotor retuning [corrected] in complex regional pain syndrome parallels pain 
 reduction. Ann Neurol 2005; 57(3)425–429 

Raja SN, Campbell JN, Meyer RA. Evidence for different mechanisms of primary and secondary 
 hyperalgesia following heat injury to the glabrous skin. Brain 1984; 107(Pt 4)1179–1188 

Reilly DM, Green MR. Eicosanoid and cytokine levels in acute skin irritation in response to tape 
 stripping and capsaicin. Acta Derm Venereol 1999; 79(3)187–190 

Rommel O, Gehling M, Dertwinkel R, Witscher K, Zenz M, Malin JP, Janig W. Hemisensory 
 impairment in patients with complex regional pain syndrome. Pain 1999; 80(1–2)95–101 

Rommel O, Malin JP, Zenz M, Janig W. Quantitative sensory testing, neurophysiological and 
 psychological examination in patients with complex regional pain syndrome and hemisensory 
 deficits. Pain 2001; 93(3)279–293 

Saade NE, Massaad CA, Ochoa-Chaar CI, Jabbur SJ, Safieh-Garabedian B, Atweh SF. Upregulation 
 of proinflammatory cytokines and nerve growth factor by intraplantar injection of capsaicin in 
 rats. J Physiol 2002; 545(Pt 1)241–253 

Sarlani E, Farooq N, Greenspan JD. Gender and laterality differences in thermosensation throughout 
 the perceptible range. Pain 2003; 106(1–2)9–18 

Schaffner N, Wittwer A, Kut E, Folkers G, Benninger DH, Candia V. Heat pain threshold and 
 tolerance show no left–right perceptual differences at complementary sites of the human 
 forearm. Neurosci Lett 2008; 440(3)309–313 

Schmelz M, Schmid R, Handwerker HO, Torebjork HE. Encoding of burning pain from capsaicin-
 treated human skin in two categories of unmyelinated nerve fibres. Brain 2000;  
 123(Pt 3)560–571 

Schmidt R, Schmelz M, Torebjork HE, Handwerker HO. Mechano-insensitive nociceptors encode 
 pain evoked by tonic pressure to human skin. Neuroscience 2000; 98(4)793–800 

Seno N, Dray A. Capsaicin-induced activation of fine afferent fibres from rat skin in vitro. 
 Neuroscience 1993; 55(2)563–569 

Simone DA, Ochoa J. Early and late effects of prolonged topical capsaicin on cutaneous sensibility 
 and neurogenic vasodilatation in humans. Pain 1991; 47(3)285–294 

Simone DA, Sorkin LS, Oh U, Chung JM, Owens C, LaMotte RH, Willis WD. Neurogenic 
 hyperalgesia: Central neural correlates in responses of spinothalamic tract neurons. J 
 Neurophysiol 1991; 66(1)228–246 



Sumikura H, Andersen OK, Drewes AM, Arendt-Nielsen L. Spatial and temporal profiles of flare and 
 hyperalgesia after intradermal capsaicin. Pain 2003; 105(1–2)285–291 

 Sumikura H, Miyazawa A, Yucel A, Andersen OK, Arendt-Nielsen L. Secondary heat hyperalgesia 
 detected by radiant heat stimuli in humans: Evaluation of stimulus intensity and duration. 
 Somatosens Mot Res 2005; 22(3)233–237 

Symonds LL, Gordon NS, Bixby JC, Mande MM. Right-lateralized pain processing in the human 
 cortex: An FMRI study. J Neurophysiol 2006; 95(6)3823–3830 

Tecchio F, Padua L, Aprile I, Rossini PM. Carpal tunnel syndrome modifies sensory hand cortical 
 somatotopy: A MEG study. Hum Brain Mapp 2002; 17(1)28–36 

Thimineur M, Sood P, Kravitz E, Gudin J, Kitaj M. Central nervous system abnormalities in complex 
 regional pain syndrome (CRPS): Clinical and quantitative evidence of medullary dysfunction. 
 Clin J Pain 1998; 14(3)256–267 

 Torebjork HE, Lundberg LE, LaMotte RH. Central changes in processing of mechanoreceptive input 
 in capsaicin-induced secondary hyperalgesia in humans. J Physiol 1992; 448: 765–780 

Wolff BB, Krasnegor NA, Farr RS. Effect of suggestion upon experimental pain response parameters. 
 Percept Mot Skills 1965; 21(3)675–683 

Ziegler EA, Magerl W, Meyer RA, Treede RD. Secondary hyperalgesia to punctate mechanical 
 stimuli. Central sensitization to A-fibre nociceptor input. Brain 1999; 122(Pt 12)2245–2257 

 

 

 

 

 

 

 

 

 

 

 



Figure 1. Site of capsaicin application (black box) and sites of sensory testing. In the first 15 

participants, sensitivity to light touch was investigated in the first, third, and fifth fingers of each hand 

with calibrated nylon monofilaments (von Frey hairs). In the other 12 participants, sensitivity to light 

touch was investigated in the fifth finger of each hand. In addition, warmth, heat-pain, and pressure-

pain thresholds were investigated at these sites, and allodynia to light stroking was delineated around 

the site of capsaicin application. 

 

 

 

 

 

 

 



Figure 2. Touch threshold (±SE) in the fingers before and after the topical application of 0.6% 

capsaicin on the dorsolateral aspect of the right hand. The touch threshold increased in the fifth finger 

ipsilateral to the topically applied capsaicin (*p < 0.001 after Bonferroni correction, compared to the 

threshold before capsaicin and to the threshold contralateral to the topically applied capsaicin), but did 

not change at any other site. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 3. Sensory thresholds (±SE) in the fifth finger before and after the topical application of 0.6% 

capsaicin. (A) The touch threshold increased ipsilateral to the topically applied capsaicin (*p < 0.001 

compared to the threshold before capsaicin and to the threshold contralateral to the topically applied 

capsaicin). (B) Before the capsaicin application, the pressure-pain threshold was greater on the right 

(capsaicin-treated) side than the left (*p < 0.05), and decreased ipsilateral but not contralateral to the 

capsaicin application (#p < 0.001). (C) The warmth threshold decreased on both sides after the 

capsaicin application, and generally was higher on the right side than the left. (D) The heat-pain 

threshold was higher on the right side than the left but did not change significantly after the capsaicin 

application. 
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