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Abstract
Background: Two main classes of peripheral sensory neurons contribute to thermal pain sensitivity: the
unmyelinated C fibers and thinly myelinated Aδ fibers. These two fiber types may differentially underlie different
clinical pain states and distinctions in the efficacy of analgesic treatments. Methods of differentially testing C and
Aδ thermal pain are widely used in animal experimentation, but these methods are not optimal for human
volunteer and patient use. Thus, this project aimed to provide psychophysical and electrophysiological evidence
that whether different protocols of infrared diode laser stimulation, which allows for direct activation of nociceptive
terminals deep in the skin, could differentially activate Aδ or C fiber thermonociceptors in volunteers.
Results: Short (60 ms), high intensity laser pulses (SP) evoked monomodal “pricking” pain which was not enhanced
by topical capsaicin, whereas longer, lower power pulses (LP) evoked monomodal “burning” pain which was
enhanced by topical capsaicin. SP also produced cortical evoked EEG potentials consistent with Aδ mediation, the
amplitude of which was directly correlated with pain intensity but was not affected by topical capsaicin. LP also
produced a distinct evoked potential pattern the amplitude of which was also correlated with pain intensity, which
was enhanced by topical capsaicin, and the latency of which could be used to estimate the conduction velocity of
the mediating nociceptive fibers.
Conclusions: Psychophysical and electrophysiological data were consistent with the ability of short high intensity
infrared laser pulses to selectively produce Aδ mediated pain and of longer pulses to selectively produce C fiber
mediated thermal pain. Thus, the use of these or similar protocols may be useful in developing and testing novel
therapeutics based on the differential molecular mechanisms underlying activation of the two fiber types (e.g.,
TRPV1, TRPV2, etc). In addition, these protocol may be useful in determining the fiber mediation of different clinical
pain types which may, in turn be useful in treatment choice.

Background
Numerous studies have shown that there are two main
classes of pain sensing neurons in the skin and other
peripheral tissues: myelinated Aδ and unmyelinated C
nociceptor [1,2]. There are many distinctions between
these two types of nociceptive afferents [3,4]. Activation
of these afferents evokes distinct sensations: Aδ fiber
mediated pain is typically described as rapid, pricking or
sharp, and localized whereas C fiber mediated pain is
usually described as a diffuse, burning or aching sensations that outlast stimulus duration [5-7].
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Although separate activation of Aδ and C fiber nociceptors, demonstrated electrophysiologically, has been
achieved through the use of radiant skin heating in rats
[4], these methods are not optimal for testing in
humans. In the last two decades human studies have
often used lasers as tools for evaluation of nociception
and the integrity of nociceptive pathways in experimental pain models and neurological diseases [8-20,32].
Coherent radiation, as from a laser, is not a stimulus
found in nature. However, as with radiant heat, lasers
provide the advantage over contact stimulators of providing a purely thermal, as opposed to mixed, stimulation. In addition, lasers allow brief pulses (μs to ms)
with very fast rise time. Beyond these advantages, diode
lasers provide uniform skin heating from approximately
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50 to 600 μm deep and a high level of pulse repeatability. Because the surface does not need to be overheated
to provide conductive heating of deeper nociceptors (as
with CO2 and Thulium lasers), diode lasers provide a
degree of added safety over these devices. Diode laser
stimuli have been used for in vivo cutaneous stimulation
of free nerve endings in humans and rodents and for in
vitro activation of TRPV1 and TRPV2 channels in cultured dorsal root ganglia neurons and HEK273 cells
[18,21-23]. These experiments have indicated that brief,
high heating rate diode laser pulses can selectively activate myelinated Aδ fiber nociceptors in rats and produce pricking pain in humans, whereas low heating rate,
longer pulses can preferentially activate unmyelinated C
fibers in rats and produce burning pain in humans.
However, it is not known whether these different pulse
parameters will differentially activate Aδ or C fibers in
humans. To investigate this question, we used a combination of psychophysical and electrophysiological (cortical evoked potentials) to investigate whether brief pulses
would produce both singular pricking pain and a cortical activation pattern characteristic of Aδ fiber activation, as well as whether long pulses would produce
singular burning pain and cortical activation consistent
with C fiber activation. In addition, to provide complimentary evidence, we investigated the differential effects
of topical capsaicin, which selectively sensitizes TRPV1
expressing, mostly unmyelinated nociceptors [4].

Results
Repeatability and intensity response

Intensities of SP stimuli below pain threshold produced a “touch” sensation. Above pain threshold, SP
stimulation with a numerical rating (NRS) rating of 1
to 3, pain was described as “pricking” and “singular/
monomodal”, suggestive of Aδ nociceptor mediation.
Higher intensities produced NRS ratings greater than
3, with which the incidence of bimodal pricking-burning sensations increased. SP above pain threshold produced a sinusoidal LEP with a first negative peak
appearing between 225 and 246 ms after the laser
pulse was applied to the finger, and a positive peak
between 363 and 378 ms (Figure 1). Subtracting the 60
ms pulse duration, these values are consistent with a
conduction velocity (CV) between 4.1 to 4.5 m/s - in
the Aδ range. SP below pain threshold ("touch”) produced LEP at similar latencies but with much less
sharp peaks and lower amplitudes. For each subject,
both positive (r 2 = 0.98) and negative (r 2 = 0.98) peak
amplitudes were significantly (p < 0.05) correlated with
the NRS rating. Stimuli were highly repeatable, as
neither pain ratings nor LEP peak amplitudes were significantly different between the average of the first 5
stimuli and the last (p < 0.05 in each case).
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Figure 1 Cortical Evoked Potential Evoked by 60 ms High
Intensity Diode Infrared Laser Pulses. Each trace represents
grand average of EEG response of 10 subjects subjected to 15
pulses of each of 4 intensities (3 painful intensities, 1 sub pain
threshold). Traces show distinct earlier negative (up) phase and
positive (down) phases the amplitude of which are directly
correlated to the numeric pain rating evoked for that stimulus.

LP stimuli at or above pain threshold (NRS 1-3) produced monomodal/singular “burning” pain suggestive of
C fiber mediation. Intensities below pain threshold were
perceived as “warm”. When stimulus intensities that
evoked moderate pain (NRS 4-6) were applied, bimodal
pricking-burning pain was sometimes reported. LP
above pain threshold produced a sinusoidal LEP with a
small (first) negative peak at about 1220 to 1460 ms following the 1.5 s pulse followed by a positive peak in
between 1858 to 1887 ms and a larger (second) negative
peak between 2036 to 2112 ms (Figure 2). Using this stimulus, the skin temperature rises at about 20°C/sec
from a controlled baseline of 33°C, creating a delay of
about 600 ms for skin heating to threshold temperatures. The remaining component of the latency is due to
the conduction time from the periphery as well as time
of central processing necessary to produce a cortical

Figure 2 Cortical Evoked Potential Evoked by 1.5 s Low
Intensity Diode Infrared Laser Pulses. Each trace represents
grand average of EEG response of 10 subjects subjected to 15
pulses of each of 4 intensities (3 painful intensities, 1 sub pain
threshold). Traces are aligned with the start of the pulses and show
small earlier (first) negative (up) phase and positive (down) phases
followed by another (second) negative phase. The amplitude of the
positive and second negative waves were directly correlated to the
numeric pain rating evoked for that stimulus.
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potential. Thus, the latency to the end of the threshold
level stimulus, after subtracting the temperature rise
time, yields a CV of 1.041 - 1.614 m/s, consistent with
C fiber mediation. There was a significant (p < 0.05)
correlation with the NRS rating and the positive (r 2 =
0.66) as well as the second negative (r2 = 0.89) peak. As
with SP, LP stimuli were highly repeatable, as neither
pain ratings nor LEP peak amplitudes were significantly
different between the average of the first 5 stimuli and
the last (p < 0.05 in each case).
Capsaicin Sensitization

The effects of topical capsaicin was tested in separate
sessions in seven of the ten subjects. Topical treatment
with capsaicin significantly (p < 0.05) decreased the
threshold current necessary to induce pain sensation
(NRS 1) for LP, but did not change the threshold for SP
(p > 0.05) and increased the pain NRS evoked by a
given suprathreshold intensity of stimulation (p < 0.05)
(Figure 3a). Similarly, for a given intensity of LP, both
the first and second negative peaks were increased by
topical capsaicin, the second effect significantly (p <
0.05) (Figure 3b). There was no effect of capsaicin on
either pain rating (Figure 3c), or LEP amplitude (Figure
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Figure 3 Effect of Topical Capsaicin on Pain Ratings and
Amplitude of Cortical Potentials Evoked by Infrared Diode
Laser Pulses. A. 1% capsaicin did not affect numerical pain ratings
evoked by a 60 ms suprathreshold laser stimulus. B. Similarly
capsaicin did not affect evoked potential responses to short laser
pulses. C. Capsaicin did however, induce a significant (p < 0.05)
hyperalgesia for pain evoked by longer (1.5 s) laser pulses. D.
Similarly, topical capsaicin increased the amplitude of cortical
evoked responses to 1.5 s laser pulses, significantly (p < 0.05) in the
case of the second negative peak.

3d) for responses to SP. Traces in Figure 4 are grand
average LEPs across subjects demonstrating the lack of
effect of capsaicin on SP response (Figure 4a) and the
facilitating effect of capsaicin on LEP evoked by LP
(Figure 4b).
Conduction Velocity

Recording LEP after elbow stimulation was substantially
problematic, such that only two subjects had sufficiently
clean recordings to work with. For these the average
latency shift for LP stimulation of the elbow vs the hand
(30 cm) was 218 ms for the negative peak, which is consistent with C fiber CV of 1.38 m/s. The peak shift for
SP was too short to reliably assess using this method.

Discussion
This study sought to investigate whether brief, intense,
high heating rate pulses emitted by a diode infrared
laser would evoke pain mediated selectively or preferentially and repeatedly by the activation of myelinated
(Aδ) thermonociceptors, whereas lower rates of skin
heating produced by lower intensity laser pulses would
produce pain mediated selectively or preferentially by
the activation of unmyelinated (C) thermonociceptors.
We assessed psychophysical responsiveness and cortical
potentials evoked by two laser skin heating parameters
in human volunteers. For SP laser stimuli close to pain
threshold, pain was described as monomodal and sharp
or pricking, whereas LP laser stimuli were described as
monomodal and burning.
This finding of monomodal pain modalities appears to
be unique in the literature, as laser stimuli usually evoke
double pain sensations indicative of activation of both A
and C thermonociceptors [24-26]. Monomodal sensation
has been achieved with other lasers [10] and with highrate skin contact skin heating [26], but it is not clear
that the sensation perceived was pain, but rather may be
monomodal warm mediated by the activation of unmyelinated warm fibers [26]. The ability to evoke monomodal pain with an infrared diode laser is likely due to the
homogenous heating of epidermal and dermal tissue
(for both hairy and glabrous skin), up to 600 microns
from the surface [18]. The range of depths of (at least
unmyelinated) nociceptive terminals in the skin is 40570 μm [27], thus fairly well matching the range of
homogenous direct tissue heating of infrared diode
lasers. Other lasers (e.g., CO 2 ) and high rate contact
heating predominantly heat the surface, wherefrom surface heat is conducted to underlying tissue - a process
that requires time and overheating of the surface [24].
Simultaneous direct heating of epidermal as well as deeper nerve terminals allows for differential activation
based on the activation properties of those terminals as opposed to the conductive properties of the tissue.
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Figure 4 Effect of Topical Capsaicin on Laser Evoked Potentials. A. Topical pretreatment with 1% capsaicin did not affect grand average
(across 7 subjects) LEP evoked by a suprathreshold short (60 ms) laser pulses. B. In contrast, topical capsaicin clearly enhanced cortical responses
to the suprathreshold long (1.5 s) laser pulses.

Near threshold pain evoked by LP appears to be
mediated by the selective activation of C fiber nociceptors; pain evoked by SP appears to be mediated by the
activation of Aδ nociceptors. LP-evoked pain is monomodal “burning” and, along with cortical evoked potentials, is enhanced by topical capsaicin, and demonstrates
a latency shift representative of a CV of less than 1.7 m/
s - all characteristics of C fiber thermonociceptors

[3-5,28,29]. SP-evoked pain is characterized as monomodal “pricking”, is not enhanced by capsaicin, and has an
estimated CV of around 4.5 m/s - all characteristics of
Aδ thermonociceptors [4,7,28].
LEP produced by these two stimulus types were also
distinct. LEP evoked by suprathreshold SP were sinusoidal, insensitive to topical capsaicin, and produced an
estimated conduction velocity in the Aδ range. LEP
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evoked by suprathreshold LP were also sinusoidal, but
were enhanced by topical capsaicin and gave a conduction velocity estimate in the C fiber range. Thus, LEP
measurements agreed with psychophysics in demonstrating a fiber-selective differential activation by short
vs. long pulses of infrared laser light. It is possible that
warm fibers also contributed to the LEP recorded in
response to LP as the threshold for warm-sensitive C
fibers is reached and surpassed as the temperature rises
with this stimulus ~38-40°C [30]. In addition, the conduction velocity of C fiber warm receptors is typically in
the range of 2.5 m/s, well above those measured in the
current study [31]. Interestingly, Magerl used a CO 2
laser to separate Aδ vs C fiber mediated cortical
responses [32] in volunteers. However, the stimulus
used to activate C fibers (40°C) was below that typically
activating C nociceptors, and the conduction velocity
estimated in these studies (2.4-2.8 m/s) was close to that
measured for human C warm receptors [31] suggesting
that the cortical response recorded in this study may
have been mediated or dominated by warm fibers, rather
than thermonociceptors.

Conclusions
The results of these experiments indicate that short,
high intensity laser pulses can be used to selectively produce Aδ mediated pain and LEP in humans and that
longer duration, lower intensity pulses can be used to
selectively produce C mediated pain and LEP in
humans. These protocols may be useful then, in evaluating differential pharmacologic effects and physiologic
mechanisms of these two distinct pain types.
Methods
Subjects

After approval by the Stanford Institutional Review
Board and after informed consent, 10 healthy volunteers,
5 female and 5 male, aged 21-50 (median 31) years participated in this study. All subjects gave informed consent to participate in the study, which was approved by
the Stanford Institutional Review Board.
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between stimulation and maintained at 33 ± 0.5°C using
a heating pad placed on the surface of the skin between
stimulus sessions and under the hand during stimulus
sessions.
Laser Evoked Potentials (LEP)
EEG collection

Laser evoked potentials (LEP) were recorded using AgAgCl surface scalp electrodes and Acquire 4.3 software
with a 36-electrode Quik-Cap (both NeuroScan Inc, El
Paso, Texas). Data was acquired simultaneously from 32
EEG channels (in accordance with Enhanced 10-20
International system), and 2 EOG channels - vertical
VEOU and horizontal VEOL, wth AFz as a ground electrode, and A2 as a common reference, using NuAmps
40 Channel Digital DC EEG amplifier (NeuroScan Inc,
El Paso, Texas). The impedance was generally maintained below 5 kΩ. The signals were bandpass (analog
0.1-70 Hz) and notch (60 Hz) filtered in real time, and
digitized at a rate of 1000 Hz.
EEG Processing

EEG data then were imported and pre-processed in
EEGLAB, a free open-source toolbox running under
MatLab environment. Continuous data was bandpass-filtered from 0.5 to 20 Hz, and epochs containing LEP (1000
ms prior to stimulus and 4000 ms post-stimulus) were
subsequently extracted and baseline corrected to 1 s
before stimulus onset. High-amplitude noise contaminated
channels and epochs were rejected upon visual inspection.
In order to remove ocular artifacts while preserving useful
signal, we used independent component analysis (ICA) to
decompose EEG into a number of statistically independent
components, and then subtract noise from the original
data [5]. For better results two runs of ICA were performed: first epochs containing non-stereotype artifacts
were identified and rejected [2], then ocular artifacts were
removed from the data. Cz channel data were extracted
from each data set, and indexed with a custom database.
LEP waveforms were computed by averaging epochs
pulled from the database per request.
Repeatability

Laser stimulation

Two different infrared diode laser (Lass 10, Lasmed
LLC, Mountain View, CA) settings were used: 1) a short
pulse (SP): 60 ms, 0.3 mm2, heating ramp up to 600 C
°/s, or 2) a long pulse (LP): 1.5 s, 40 mm2, heating ramp
up to 20 C°/s were applied to 10-20 spots on the hairy
skin of the dorsum of the 2nd through 5th fingers (i.e.,
not the thumb) of human volunteers. SP was hypothesized to preferentially activate myelinated thermonociceptors, whereas LP was hypothesized to mainly
stimulate unmyelinated thermonociceptors, respectively.
Baseline skin temperature was measured periodically in

To test for repeatability of laser stimuli, threshold stimulus intensities (measured in supplied current) for
evoking pain were measured for both pulse types (in a
randomly order). Then, LEPs were recorded while each
subject received 20 stimuli of either SP or LP, set at
15% above the threshold stimulus intensity, and separated by an approximately 30 s interstimulus interval.
After each successive pulse, subjects were asked to give
a forced-choice between descriptors (sharp or burning;
monomodal or multimodal) as well as a pain rating on a
0-10 scale (0 = no pain, 1 = threshold level pain, 10 =
intolerable pain).
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Intensity response

Pain threshold was determined using a random staircase
method of assessment of pain thresholds. The laser current necessary to evoke a pain rating of 1 on an 11 point
NRS scale was measured at 10-20 sites on the dorsal skin
surface of the 2nd, 3rd, 4th, and 5th fingers (i.e., not the
thumb) of each volunteer. The average of laser currents
necessary to produce a rating of “1” was used to establish
the pain threshold. To determine an intensity-effect relationship, both randomly selected SP and LP were then
applied with increasing stimulus intensities to different
areas of the dorsum of on hand with at least 30 s between
stimuli while LEPs were recorded. Subjects were asked to
rate the pain immediately after each stimulus. Stimulus
intensities were increased in 100 mA (~ 300 mW) increments and each stimulus intensity was presented 4 times
within a session. Intensity increases were continued until
the subject reached a level of strong pain (rating > 3).
Intensity response relationships were then determined
for both evoked pain and LEP.
Capsaicin Sensitization

To provide evidence of nociceptor selectivity for pain
evoked by LP or SP, changes in LEP and pain sensitivity
were tested after topically applying 30 μl of capsaicin
(1% in H2O/Ethanol, 50/50 v/v), to the finger of 7 subjects after establishing baseline pain thresholds. 20 minutes after applying capsaicin, thresholds were reestablished and subjects were asked to rate the level of
pain evoked by the pretreatment threshold current. Significant sensitization was determined by using a onetailed t test to compare pain thresholds and LEP amplitudes before and after treatments, as well as pain levels
evoked by a given stimulus level (pretreatment
threshold).
Non-parametric statistics were used to determine
whether there was a significant change in descriptors
between those given after the first 5 stimuli and those
given after the last 5. Analyses of variance were used to
detect a significant shift in the average pain rating and
LEP amplitude following the first 5 and the last 5
stimuli.
Conduction Velocity

In order to determine conduction velocity and thus provide additional evidence for selective activations of Aδ
versus C fibers, in some subjects, after applying 15 SP
or LP stimuli, set at a power that was 15% above threshold, the same stimuli were applied to the elbow, while
LEP were recorded. The latency from stimulus onset to
LEP peak were measured and used to calculate an estimated conduction velocity of the sensory fibers underlying responses to these stimuli.

Page 6 of 7

Acknowledgements
Supported by grant R44DA016840-01A1 from the USPHS.
Author details
1
Department of Anesthesia, Friedrich Alexander University, Erlangen,
Germany. 2Department of Anesthesia, Stanford University, Stanford, CA, USA.
3
Lasmed, LLC, Mountain View, CA, USA.
Authors’ contributions
AT contributed to the data analysis and manuscript preparation; MK
contributed to the EEG data processing and data analysis; SC-H collected
much of the data and aided in initial analysis; MIN provided expertise in
laser stimulation and to the analysis of data; MSA contributed to the design
and analysis of the study; DCY provided overall guidance to the project,
contributed to data analysis and manuscript preparation. All authors read
and approved the manuscript.
Competing interests
MIN is the CEO of LasMed, LLC, manufacturer of the laser used in this study.
None of the other authors declare competing interests.
Received: 15 December 2010 Accepted: 22 March 2011
Published: 22 March 2011
References
1. Zotterman Y: Touch, pain and tickling: an electro-physiological
investigation on cutaneous sensory nerves. J Physiol 1939, 95:1-28.
2. Burgess PR, Perl ER: Myelinated afferent fibres responding specifically to
noxious stimulation of the skin. J Physiol 1967, 190:541-562.
3. Yeomans DC, Pirec V, Proudfit HK: Nociceptive responses to high and low
rates of noxious cutaneous heating are mediated by different
nociceptors in the rat: behavioral evidence. Pain 1996, 68:133-140.
4. Yeomans DC, Proudfit HK: Nociceptive responses to high and low rates of
noxious cutaneous heating are mediated by different nociceptors in the
rat: electrophysiological evidence. Pain 1996, 68:141-150.
5. Torebjörk HE, Hallin RG: Perceptual changes accompanying controlled
preferential blocking of A and C fibre responses in intact human skin
nerves. Exp Brain Res 1973, 16:321-332.
6. Price DD, Barrell JJ, Gracely RH: A psychophysical analysis of experimential
factors that selectively influence the affective dimension of pain. Pain
1980, 8:137-149.
7. Adriaensen H, Gybels J, Handwerker HO, Van Hees J: Response properties
of thin myelinated (A-delta) fibers in human skin nerves. J Neurophysiol
1983, 49:111-122.
8. Meyer RA, Walker RE, Mountcastle VB: A laser stimulator for the study of
cutaneous thermal and pain sensations. IEEE Trans Biomed Eng 1976,
23:54-60.
9. Kakigi R, Shibasaki H, Tanaka K, Ikeda T, Oda K, Endo C, Ikeda A, Neshige R,
Kuroda Y, K. M: CO2 laser-induced pain-related somatosensory evoked
potentials in peripheral neuropathies: correlation between
electrophysiological and histopathological findings. Muscle Nerve 1991,
14:441-450.
10. Kakigi R, Watanabe S, Yamasaki H: Pain-Related somatosensory evoked
potentials. J Clin Neurophysiol 2000, 17:295-308.
11. Tran TD, Lam K, Hoshiyama M, Kakigi R: A new method for measuring the
conduction velocities of Abeta-, Adelta- and C-fibers following electric
and CO(2) laser stimulation in humans. Neurosci Lett 2001, 301:187-190.
12. Arendt-Nielsen L, Bjerring P: Laser-induced pain for evaluation of local
analgesia: a comparison of topical application (EMLA) and local injection
(lidocaine). Anesth Analg 1988, 67:115-123.
13. Arendt-Nielsen L, Bjerring P: Sensory and pain threshold characteristics to
laser stimuli. J Neurol Neurosurg Psychiatry 1988, 51:35-42.
14. Bromm B, Jahnke MT, Treede RD: Responses of human cutaneous afferents
to CO2 laser stimuli causing pain. Exp Brain Res 1984, 55:158-166.
15. Bromm B, Treede RD: Nerve fibre discharges, cerebral potentials and
sensations induced by CO2 laser stimulation. Hum Neurobiol 1984,
3:33-40.
16. Spiegel J, Hansen C, Treede RD: Clinical evaluation criteria for the
assessment of impaired pain sensitivity by thulium-laser evoked
potentials. Clin Neurophysiol 2000, 111:725-735.

Tzabazis et al. Molecular Pain 2011, 7:18
http://www.molecularpain.com/content/7/1/18

Page 7 of 7

17. Treede RD, Kief S, Hölzer T, Bromm B: Late somatosensory evoked
cerebral potentials in response to cutaneous heat stimuli.
Electroencephalogr Clin Neurophysiol 1988, 70:429-441.
18. Greffrath W, Nemenov MI, Schwarz S, Baumgärtner U, Vogel H, ArendtNielsen L, Treede RD: Inward currents in primary nociceptive neurons of
the rat and pain sensations in humans elicited by infrared diode laser
pulses. Pain 2002, 99:145-155.
19. Plaghki L, Mouraux A: How do we selectively activate skin nociceptors
with a high power infrared laser? Physiology and biophysics of laser
stimulation. Neurophysiol Clin 2003, 33:269-277.
20. Plaghki L, Mouraux A: EEG and laser stimulation as tools for pain
research. Curr Opin Investig Drugs 2005, 6:58-64.
21. Cuellar JM, Manering NA, Klukinov M, Nemenov MI, Yeomans DC: Thermal
nociceptive properties of trigeminal afferent neurons in rats. Mol Pain
2010, 6:39.
22. Veldhuijzen DS, Nemenov MI, Keaser M, Zhuo J, Gullapalli RP, Greenspan JD:
Differential brain activation associated with laser-evoked burning and
pricking pain: An event-related fMRI study. Pain 2009, 141:104-113.
23. Tzabazis A, Klyukinov M, Manering N, Nemenov MI, Shafer SL, Yeomans DC:
Differential activation of trigeminal C or Adelta nociceptors by infrared
diode laser in rats: behavioral evidence. Brain Res 2005, 1037:148-156.
24. Haimi-Cohen R, Cohen A, Carmon A: A model for the temperature
distribution in skin noxiously stimulated by a brief pulse of CO2 laser
radiation. J Neurosci Methods 1983, 8:127-137.
25. Plaghki L, Decruynaere C, Van Dooren P, Le Bars D: The fine tuning of pain
thresholds: a sophisticated double alarm system. PLoS One 2010, 5:
e10269.
26. Granovsky Y, Matre D, Sokolik A, Lorenz J, Casey KL: Thermoreceptive
innervation of human glabrous and hairy skin: a contact heat evoked
potential analysis. Pain 2005, 115:238-247.
27. Tillman DB, Treede RD, Meyer RA, Campbell JN: Response of C fibre
nociceptors in the anaesthetized monkey to heat stimuli: estimates of
receptor depth and threshold. J Physiol 1995, 485(Pt 3):753-765.
28. Baumann TK, Simone DA, Shain CN, LaMotte RH: Neurogenic hyperalgesia:
the search for the primary cutaneous afferent fibers that contribute to
capsaicin-induced pain and hyperalgesia. J Neurophysiol 1991, 66:212-227.
29. Yeomans DC, Cooper BY, Vierck CJ: Effects of systemic morphine on
responses of primates to first or second pain sensations. Pain 1996,
66:253-263.
30. Hallin RG, Torebjork HE, Wiesenfeld Z: Nociceptors and warm receptors
innervated by C fibres in human skin. J Neurol Neurosurg Psychiatry 1982,
45:313-319.
31. Iannetti GD, Truini A, Romaniello A, Galeotti F, Rizzo C, Manfredi M,
Cruccu G: Evidence of a specific spinal pathway for the sense of warmth
in humans. J Neurophysiol 2003, 89:562-570.
32. Magerl W, Ali Z, Ellrich J, Meyer RA, Treede RD: C- and A delta-fiber
components of heat-evoked cerebral potentials in healthy human
subjects. Pain 1999, 82:127-137.
doi:10.1186/1744-8069-7-18
Cite this article as: Tzabazis et al.: Selective nociceptor activation in
volunteers by infrared diode laser. Molecular Pain 2011 7:18.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

