
O

C
i

B
B
a

b

c

d

e

a

A
R
R
A

K
S
I
T
U
N
S
Q

T

1
h

Scandinavian Journal of Pain 4 (2013) 40–45

Contents lists available at SciVerse ScienceDirect

Scandinavian Journal of Pain

journa l homepage: www.Scandinav ianJourna lPa in .com

riginal experimental

entral origin of pinprick hyperalgesia adjacent to an UV-B induced
nflammatory skin pain model in healthy volunteers

ernhard Rösslera,b,c, Anna Paulb,d, Maria Schuchb, Martin Schulzb, Thomas Sychab,d,
urkhard Gustorffb,e,∗

Department of Anaesthesia, General Intensive Care and Pain Management, Medical University of Vienna, Austria
Vienna Human Pain Research Group, Department of Anaesthesia, General Intensive Care Medicine and Pain Control, Medical University of Vienna, Austria
Medical Simulation and Emergency Management Research Group, Department of Anaesthesia, General Intensive Care and Pain Management, Medical University of Vienna, Austria
Department of Neurology, Medical University of Vienna, Austria
Wilhelminenspital, Department of Anaesthesia, Intensive Care and Pain Medicine, Vienna, Austria

r t i c l e i n f o

rticle history:
eceived 15 April 2012
eceived in revised form 17 August 2012
ccepted 3 September 2012

eywords:
ensitisation
nflammation
hreshold
ltraviolet
europathic pain
urrogate models
uantitative sensory testing

a b s t r a c t

Background and purpose: The UV-B model is an established pain model of different types of hyperalgesia
in animal and human pain research. Beside the skin region of the sunburn in human volunteers pinprick
hyperalgesia has been described in a large zone of non-inflamed skin adjacent to the sunburn. However,
there are opposing results on the existence of pinprick hyperalgesia and most notably a controversial
discussion is still on-going whether this mechanical hyperalgesia in the undamaged tissue adjacent to and
at some distance from the site of inflammation is of peripheral or central origin. We therefore addressed
this in our study by hypothesising that pinprick hyperalgesia around a circular spot of UV-B inflamed
skin is not reduced by a superficial local anaesthetic block and therefore underlies centrally mediated
mechanisms.
Methods: This exploratory study was conducted in a prospective, controlled, randomised, single-blinded
fashion in relation to the study hypothesis in 12 healthy volunteers. Before circular irradiation with UV-B
light (3-times the individual minimal erythema dose at both thighs), a strip of continuous intradermal
local anaesthetic block with lidocaine 2% was established via two single plasmaphoresis hollow fibres.
These were positioned perpendicular to one thigh overlapping on the midline of the leg at the distal part
of the planned irradiation site, and compared with the contralateral control side without anaesthetic
block. The local anaesthetic block was established and then maintained via a syringe pump. The area
of pinprick hyperalgesia was measured by pricking on a large skin surface including 360◦ around the
circular irradiation site. This was done with a slightly painful pin (256 mN) until 8 h after irradiation.
Primary outcome was the area of pinprick hyperalgesia in the skin adjacent to the sunburn at 8 h.
Results: Large areas of mechanical hyperalgesia to pinprick surrounding the adjacent skin of the sunburn
developed on both sides after 8 h without any significant difference between the side of the anaesthetic
strip showing an area of 72.6 ± 39.7 cm2 (mean ± SD) and the control side (59.1 ± 20.1 cm2); p = 0.24.
Moreover, mechanical hyperalgesia to various pin stimuli of different strength was unchanged by the
anaesthetic block.
Conclusions: This trial provides evidence that the development of mechanical hyperalgesia surrounding
an experimental sunburn was not influenced by continuous peripheral afferent blockade with local anaes-
thetic at 8 h after UV-B irradiation. Our data support the hypothesis that in the UV-B model peripheral

nociceptive afferent input of inflamed skin may enhance central hypersensitivity of mechanosensitive
nociceptors in a larger receptive field far beyond the inflamed skin. Furthermore, these findings are in
line with other pain models demonstrating comparable central hypersensitivity around the site of injury.

Implications: As for other pain
secondary mechanical hyperal
a further validation for the util
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. Introduction

Ultraviolet-B (UV-B) light induces an inflammatory response
n the skin (“sunburn”) leading to primary hyperalgesia [1]. This
esponse can be used as a suitable experimental model for pain
esearch in animals and humans [2,3]. In a previous study, we have
hown that an area of pinprick hyperalgesia develops surrounding
he zone of primary hyperalgesia [2]. This occurs in the undamaged
issue adjacent to and at some distance from the site of inflamma-
ion.

In other pain models, this type of mechanical hyperalgesia in the
rea surrounding the site of injury is thought to be due to an excit-
tory state of the central nervous system and is therefore classified
s secondary hyperalgesia [4]. In the UV-B model however there
re opposing results on the existence of pinprick hyperalgesia and
controversial discussion is still on-going whether the mechan-

cal hyperalgesia in skin regions adjacent to the inflammation is
f peripheral or central origin [3,5]. According to the concept of
entral hypersensitivity primary afferent nociceptor activity elic-
ts secondary mechanical hyperalgesia in the skin adjacent to the
unburn area. However, this hypothesis remains controversial and
roof in human UV-B-studies is lacking. Efforts to characterise the
ensory and nociceptive system have led to a wide range of test-
ng methods including mechanical and thermal stimuli [6,7]. Based
n previous published and unpublished findings of the authors, a
election of pinprick hyperalgesia, allodynia, vasomotor reaction,
ressure pain and thermal sensitivity have been chosen for this
tudy [2].

In a human pain model with intradermal electrical stimulation
t had been demonstrated previously that the spreading of mechan-
cal hyperalgesia or allodynia from the region of nociceptive input

as not interrupted by an intradermal superficial anaesthetic strip
f lidocaine continuously applied by an intradermal microdialy-
is fibre [4]. This technique allows blocking locally the extension
f peripheral superficial nociceptor activity as typical pattern of
rimary hyperalgesia. In case of peripherally triggered mechanical
yperalgesia the block results in an absence of mechanical hyper-
lgesia distal from the block. If however mechanical hyperalgesia
emains despite the block, a central origin of the hyperalgesia can
e assumed [4].

We hypothesised that pinprick hyperalgesia around a circular
pot of UV-B inflamed skin is not reduced by such a superficial
naesthetic block and underlies therefore central nervous system
echanisms.

. Materials and methods

.1. Study design

This exploratory study was conducted in a prospective, con-
rolled, randomised, single-blinded fashion in relation to the study
ypothesis. The study consisted of one period lasting about 10 h

or each subject. The subjects provided their own control, as the
ocal anaesthetic block was applied only to one leg, the other
eg being the control. Allocation of the anaesthetic block to the
eft or right thigh via microdialysis fibres was determined by
andomisation.

.2. Study population

Following approval of the protocol by the local Ethics Com-

ittee of the Medical University of Vienna, 12 healthy volunteers

ged 19–40 yrs (6 males, 6 females) participated in this study
fter having given their written informed consent. The participants
ere blinded to the hypothesis and thus not informed about the
Fig. 1. Demonstrate the area of planned UV-B irradiation, eight radial spokes
(R1–R8), and two microdialysis fibres on a thigh.

intention of the measurements. Individuals had a body mass index
between the 15th and 85th percentile and were right-handed and
drug-free. Volunteers were treated “per protocol” and dropouts
were replaced.

2.3. Randomisation

Opaque, sealed envelops containing the randomised, computer-
generated patient allocations were prepared by a person not
otherwise involved in the study. Subjects were allocated to receive
the local anaesthetic block on either the right or the left thigh. Ran-
domisation was gender balanced. Each subject was studied for one
session.

2.4. UV irradiation and local anaesthetic strip

Individual minimal erythema dose (MED) of UV-B light (Sel-
lasol, Sellas Medizinische Geraete GmbH, Gevelsberg-Vogelsang,
Germany; wavelength 290–320 nm) was set at the middle of the
non-dominant forearm at least 24 h before study irradiation [2,4].
On the study day, two single plasmaphoresis hollow fibres (0.4 mm
diameter, Asahi Medical Co., Japan) were inserted intradermally
on the anterior side of one thigh. Both microdialysis fibres were
oriented transversally to the long axis of the thigh along the dis-
tal border of the intended UV-B-spot, overlapping on the midline
of the leg by 3–4 mm to ensure a continuous 10 cm-long strip of
local anaesthetic (see Fig. 1). Insertion of the fibres was performed
under local cryoanaesthesia using ice packs, ensuring a painless
procedure.

The microdialysis fibres were filled with lidocaine 2% (Astra
Zeneca GmbH, Wedel, Germany) at a rate of 10 ml/h until
a drop of local anaesthetic appeared at the tip of each
fibre and then perfused at a constant flow rate of 5 �l/min
(0.3 ml/h) via a syringe pump infusion line (Fresenius Kabi
AG, Bad Homburg, Germany), driven by a motor pump (Braun,
Austria).

Establishing the local anaesthetic block took approximately
45 min and anaesthesia was confirmed using painful mechan-
ical stimuli (512 mN). Baseline measurements were performed
and immediately afterwards a circular spot of 4.2 cm diameter
– the outer border just proximal to the microdialysis fibres –
was irradiated with UV-B light at 3-times MED. The leg serv-
ing as the control was also irradiated. The rest of the skin

was covered with a UV-protecting tissue. The areas of pinprick
hyperalgesia and allodynia were assessed at 4 and 8 h after
irradiation.
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.5. Endpoints

.5.1. Main outcome variables
The area of pinprick hyperalgesia on test side vs. control 8 h after

rradiation was chosen as primary outcome.

.5.2. Additional outcome variables
Additionally, the mean of the three diameters crossing the

naesthetic strip (spokes 4, 5, 6) were compared to the correspond-
ng 3 diameters on the non-blocked side 4 and 8 h after irradiation.
urthermore, the mean of the three diameters crossing the anaes-
hetic strip (spokes 4, 5, 6) were compared to the mirror 3 diameters
n the same side (spokes 8, 1, 2) 4 and 8 h after irradiation, and the
ize of spokes 1–8 were chosen test side vs. control 4 and 8 h after
rradiation.

The S/R function was tested at two sites on the midline of the
eg, in the area of pinprick hyperalgesia halfway between the micro-
ialysis fibres and the distal outer margin of the hyperalgetic area
nd for control on the mirror side proximal of the sunburn. Addi-
ionally, the S/R function was assessed within the sunburn, at the
ite of primary hyperalgesia.

Furthermore, heat pain perception threshold (HPPT), cold pain
hreshold (CPT), warmth perception threshold (WPT), and pressure
ain threshold (PPT) were chosen at 4 and 8 h after the start of the

rradiation in the field of primary hyperalgesia. Neither thermal
erception and pain thresholds nor pressure pain thresholds were
ssessed within the area of mechanical hyperalgesia, since own
npublished data (under review) showed absence of the respec-
ive hyperalgesia at all time points of assessment of the present
tudy.

Furthermore, we assessed superficial blood flow as a marker for
nflammatory strength at the irradiated site and the surrounding
rea.

Additionally, we assessed the impact of the local anaesthetic
lock on the sunburn, hence proximal effects by assessing ther-
al thresholds and PPT in the field of primary hyperalgesia on the

idocaine perfusion side as well as on the control side.

.6. Methods of evaluation, sequence of measurements

Measurements were performed in the following standardised
equence: Laser Doppler perfusion imaging (LDI), pinprick testing
nd allodynia, WPT, CPT, HPPT and PPT.

The area of pinprick hyperalgesia was measured by pricking the
kin with a slightly painful pin (256 mN, The PinPrick, MRC Systems,
eidelberg, Germany), starting approximately 10 cm away from the
dge of the sunburn and moving inwards towards the sunburn at
mm intervals along 8 radial spokes (see Fig. 1). Spoke number 1

uns in a cranio-caudal axis from the outside to the centre of the
unburn, representing the 12 o’clock position in the irradiated area.
poke number 2 runs in an angle of 45◦ clockwise to the first spoke,
gain from the outside to the centre of the sunburn. Consequently,
s depicted in Fig. 1, spokes 4, 5, and 6 cross the anaesthetic strip.

The pinprick activates cutaneous nociceptors, and hyperalgesia
as defined as a change in the perception of the stimulus intensity,
sually described as “more intense”, “sharper” or “more painful”
ricking. The first spot of such perception was marked with a pen
nd the distance to the centre of the sunburn was measured. The
rea of pinprick hyperalgesia was determined from these 8 dis-
ances by calculating the area of the octagon. To avoid bias between

easurements, the marks were removed immediately after recor-

ing.

The area of dynamic allodynia was assessed in a similar man-
er using a brush (SENSELab-Brush 05, Somedic, Hörby, Sweden,
00–400 mN) to strike the skin rectangular to the radial spokes.
rnal of Pain 4 (2013) 40–45

Within the area of pinprick hyperalgesia, S/R function was eval-
uated by applying a set of seven custom-made weighted pinprick
stimuli (8, 16, 32, 64, 128, 256, 512 mN, The PinPrick MRC Systems,
Heidelberg, Germany). Volunteers were asked to rate pain inten-
sity of the stimuli on a numerical rating scale from 0 (no pain) to
100 (worst pain) [6]. Five series of all ten stimuli were applied in
a randomised, balanced order. Mechanical pain sensation (MPS)
was calculated as the geometric mean of all pain ratings for both
static and dynamic stimuli using log-transformed data for statistical
analysis.

For the evaluation of thermal thresholds (HPPT, CPT, WPT)
a Thermal Sensory Analyser (small thermode, 18 mm × 18 mm;
TSA-2001, Medoc Ltd., Ramat Yishai, 30095, Israel) was used. The
volunteers were asked to respond to the thermal stimuli by push-
ing a response button. Measurements were performed through the
method of limits starting at 32 ◦C and increased at a rate of 1 ◦C/s
to a maximum of 53 ◦C. Before testing began, subjects were trained
in a standardised manner to allow familiarisation with the test-
ing systems and to determine individual baseline thresholds. The
thermal sensory tests were repeated four times with a 15 s inter-
stimulus rest period and results were averaged. The participants
were instructed in a standardised manner and trained twice at
screening and at the study day.

PPT was determined using a manual pressure algometer (Wag-
ner Instruments, Greenwich, CT, USA) at the same testing locations
as before. The contact area was 1 cm2. After putting the algometer
on the skin surface, the pressure was increased at a rate of 50 kPa/s
until the subject’s pain threshold was reached. PPT assessment was
repeated three times and the results averaged.

Superficial blood flow (SBF) and flux of the irradiated site and of
the surrounding area was measured with laser Doppler perfusion
imaging (LDI, DRT4, Moor Instruments Ltd., Millwey, England) at
three time points: prior to UV-B exposure – to obtain a mea-
sure of baseline perfusion, and at 4 and 8 h after irradiation. This
laser wavelength was 670 nm, the beam was 1 mm in diame-
ter, with a maximum power output of 1 mW. The laser scanned
a region of about 8 cm × 8 cm from 20 cm distance, measuring
superficial perfusion. The images were analysed using dedicated
image-processing software (LDI, DRT4, Moor Instruments Ltd., Mill-
wey, England). SBF served as a surrogate for inflammatory intensity.
Mean red blood cell flux (FLUX) is an arbitrary unit calculated from
the velocity and number of red blood cells.

Superficial blood flux was measured in the erythematous sun-
burn area and the surrounding tissue on the leg with the anaesthetic
block and compared to its corresponding site on the control
leg.

2.7. Statistical methods

Data analysis was performed by repeated measure ANOVA, Bon-
ferroni post hoc test and paired t-test. Data from Stimulus/Response
(S/R) function, WPT and PPT were log transformed before anal-
ysis [7]. All data with a normal distribution are presented as
mean ± standard deviation. S/R function parameters were normally
distributed in log-space and were transformed logarithmically
before statistical analysis. p-values of less than 0.05 were consid-
ered to be statistically significant. Statistical analysis was carried
out using GNU R-Statistics, Version 2.11.

3. Results
3.1. Baseline data

Six men and 6 women were included in the trial. The aver-
age age was 25.2 ± 3.5 years, average height was 176 ± 9 cm
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Fig. 2. Compares areas of pinprick hyperalgesia on the side of intradermal local
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naesthetic (LA) block and the contralateral irradiated thigh (control) at 4 and 8 h
p = 0.24). Standard deviations are provided for each column. The size of the area is
llustrated on the y-axis.

nd average weight was 71 ± 13 kg. Mean body mass index was
2.8 ± 1.9 kg/m2. All 12 subjects completed the trial. Prior to com-
encing irradiation, the effectiveness of the anaesthetic block was

erified in each subject.

.2. Primary endpoint

All volunteers developed an area of pinprick hyperalgesia in the
rea surrounding the sunburn on both legs after 8 h. No signifi-
ant difference was detected between the side with the anaesthetic
lock and the control side (p = 0.24, 72.6 ± 39.7 cm2 (±SD) and
9.1 ± 20.1 cm2, respectively). For details see Fig. 2.

.3. Secondary endpoints

.3.1. Size of spokes
The mean of the three diameters crossing the anaesthetic strip

spokes 4, 5, 6) was 53 ± 23 mm (mean ± SD) on the blocked side
nd 49 ± 17 mm on the non-blocked side at 8 h. At 4 h, the mean of
he three diameters crossing the anaesthetic strip (spokes 4, 5, 6)
as 45 ± 26 mm (mean ± SD) on the blocked side and 44 ± 16 mm
n the non-blocked side. p-value 0.24.
The mean of the three diameters crossing the anaesthetic strip

spokes 4, 5, 6) was 53 ± 23 mm (mean ± SD) and 50 ± 17 mm for
he mirror 3 diameters on the same leg (spokes 8, 1, 2) at 8 h after

able 1
emonstrate the lengths of eight radial spokes from the edge of the hyperalgetic area to

ocal anaesthesia, i.e. strip side) vs. control side. Spoke number 1 runs in a cranio-caud
osition. Spokes 2–8 are positioned in a clockwise direction at a 45◦ angle to the previous

Spoke 1 Spoke 2 Spoke 3

8 h LA side mean ± SD (mm) 57 ± 15 45 ± 19 42 ± 12
8 h control side mean ± SD (mm) 50 ± 16 43 ± 13 39 ± 14
p-value 0.1 0.72 0.51

Spoke 1 Spoke 2 Spoke 3

4 h LA side mean (mm) 42 ± 19 34 ± 19 37 ± 15
4 h control side mean (mm) 38 ± 15 37 ± 17 33 ± 12
p-value 0.52 0.69 0.36
rnal of Pain 4 (2013) 40–45 43

irradiation, while the mean of the three diameters crossing the
anaesthetic strip was 45 ± 26 mm (mean ± SD) and 40 ± 16 mm for
the mirror 3 diameters on the same leg at 4 h after irradiation. p-
value 0.09. Dimensions of each of the eight spokes at the time point
8 and 4 h after irradiations are stated in Table 1. No statistically sig-
nificant difference was found for any spoke comparing intervention
with control side.

3.3.2. Area of hyperalgesia to pinprick after 4 h
No significant difference was found after 4 h between the area

of pinprick hyperalgesia treated with the lidocaine block and its
control (p = 0.24, 53.8 ± 41.5 cm2 and 46.0 ± 21.2 cm2, respectively).

3.3.3. Mechanical stimuli
Comparison of the data collected during the mechanical

S/R function tests showed no statistically significant difference
between the measurements taken distally from the lidocaine block
compared to the corresponding proximal site. The mean values of
the pain ratings on the NRS Scale at 8 h were: 2.4 ± 2.5 proximal
site vs. 2.2 ± 2.5 at the distal site (p = 0.85).

The mean values of the pain ratings on the NRS Scale at base-
line proximal: 1.6 ± 2.0 vs. 2.4 ± 2.5 at 8 h proximal site (p = 0.07).
The mean values at baseline distal were 1.5 ± 2.3 vs. 2.2 ± 2.5 at
8 h distal site (p = 0.18). The mean values of the pain ratings at 8 h
primary hyperalgesia site were 4.0 ± 3.1 vs. proximal site 2.4 ± 2.5
(p = 0.0001), and vs. distal site 2.2 ± 2.5 (p = 0.0002).

3.3.4. Area of allodynia
As for the hyperalgesic areas elicited by pinpricking, the extent

of the allodynic areas did not differ significantly between the treat-
ment and control sides (p = 0.73). At 4 h, areas were 14.0 ± 2.5 cm2

for the lidocaine perfusion side and 16.5 ± 8.1 cm2 for the control,
and at 8 h areas were 16.0 ± 6.5 cm2 for the lidocaine perfusion side
and 15.5 ± 4.0 cm2 for the control.

3.3.5. Measurements within the sunburn
Within the sunburn thermal perception, thermal pain and pres-

sure pain thresholds as well as blood flow were not affected by the
lidocaine perfusion. Data for WPT, HPPT, CPT, PPT, and FLUX are
provided in Table 2.

4. Discussion

4.1. Mechanical hyperalgesia in the UV-B model

The major finding of this study is that a superficial intrader-
mal local anaesthetic block in the immediate proximity distal to
the area of primary hyperalgesia of a circular sunburn did not

reduce the development of a large area of pinprick hyperalgesia
in non-inflamed skin surrounding the sunburn 8 h after irradiation
compared to a control sunburn. Additionally, pinprick hyperalgesia
was unchanged by the anaesthetic block. These data support the

the centre of the sunburn 8 and 4 h after irradiation, on the intervention side (LA:
al axis from the outside to the centre of the sunburn, representing the 12 o’clock

spoke. Spokes crossing the anaesthetic strip are marked in italics.

Spoke 4 Spoke 5 Spoke 6 Spoke 7 Spoke 8

50 ± 27 60 ± 23 49 ± 19 43 ± 17 47 ± 21
45 ± 12 58 ± 15 44 ± 21 44 ± 14 38 ± 16
0.59 0.75 0.52 0.83 0.1

Spoke 4 Spoke 5 Spoke 6 Spoke 7 Spoke 8

36 ± 24 55 ± 26 44 ± 25 36 ± 16 46 ± 22
38 ± 13 54 ± 17 40 ± 16 36 ± 18 37 ± 14
0.82 0.93 0.54 0.99 0.16
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Table 2
Demonstrates the warmth perception threshold (WPT), heat pain perception thresh-
old (HPPT), cold pain threshold (CPT), and pressure pain threshold (PPT), as well as
the Flux 4 and 8 h after irradiation, comparing the measurements in the field of
primary hyperalgesia from intervention side (LA) to control. Bonferroni post hoc
analysis calculated for FLUX LA 4 h vs. 8 h: p = 0.007; control 4 h vs. 8 h: p = 0.009.
No statistically significant difference was found between LA and control side at 4 h
(p = 0.75) or 8 h (p = 1.00).

LA Control p-value

WPT 4 h 37.3 ± 1.7 ◦C 36.5 ± 1.5 ◦C 0.5
WPT 8 h 37.1 ± 1.5 ◦C 36.7 ± 1.2 ◦C

HPPT 4 h 41.3 ± 2.5 ◦C 40.6 ± 2.7 ◦C 0.61
HPPT 8 h 40.9 ± 2.3 ◦C 40.0 ± 2.1 ◦C

CPT 4 h 12.9 ± 10.7 ◦C 14.4 ± 9.4 ◦C 0.97
CPT 8 h 13.9 ± 9.4 ◦C 14.7 ± 8.7 ◦C

PPT 4 h 378.2 ± 78.0 kPa 425.6 ± 132.1 kPa 0.64
PPT 8 h 365.4 ± 104.2 kPa 381.0 ± 119.8 kPa
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FLUX 4 h 65.4 ± 17.6 60.4 ± 22.0 0.002
FLUX 8 h 82.6 ± 10.2 80.2 ± 9.9

ypothesis that mechanical hyperalgesia in the area around the
unburn is not mediated by only a peripheral mechanism. These
esults are in line with results collected from other pain models
emonstrating central hypersensitivity [4,8].

Development of thermal and mechanical hyperalgesia within
he inflamed area is in line with other human and animal data
2–4,9]. Our data on mechanical hyperalgesia in the non-inflamed
kin surrounding the UV-B induced inflammation concur with
esults from previous sunburn studies [2,10,11]. The size of the area
f pinprick hyperalgesia found was relatively large compared to the
unburn spot. The area of allodynia was smaller compared to the
rea of pinprick hyperalgesia. This is a pattern also found in other
ain models of secondary hyperalgesia and a further hint for two
ifferent mechanisms of hyperalgesia [12–15].

Behavioural tests in rats showed no change in mechanical
hresholds, i.e. an absence of mechanical hyperesthesia in the area
djacent to the location of UV-B irradiation [5]. In our study we did
ot test mechanical detection threshold but hyperalgesia. Another
xplanation of this difference between the rat and the human
odel may be spatial summation of afferent input since the rat paw

overs several dermatomes compared to one large dermatome at
he thigh in human subjects.

.2. Mechanical hyperalgesia in other models of pain

The central origin of mechanical hyperalgesia has been demon-
trated in several pain models as intradermal application of
apsaicin, electrical stimulation and thermal injuries [16–19].
naesthetic strips as used in our study demonstrated the central
rigin of mechanical hyperalgesia in the intradermal electrical pain
odel [4].

.3. Trigger of secondary hyperalgesia

Since the role of peripheral sensitisation has recently been
mphasised and changes in nociceptor coding properties have been
uggested as an explanation for mechanical hyperalgesia, we aimed
o block the peripheral nociceptors spreading distally from the
nflamed skin, which may mediate peripheral sensitisation into the
on-inflamed skin [3]. Our data demonstrate clearly that this block
oes not affect the development of neither mechanical hyperalgesia
or allodynia. This counts for both the size of the area of mechani-

al hyperalgesia and allodynia and the mechanical S/R function on
ither side of the local anaesthetic strip.

Another hypothesis is that hyperalgesia is modulated by pro-
nflammatory cytokines and chemokines such as interleukins
rnal of Pain 4 (2013) 40–45

and TNF-� [20–22]. For the sunburn model, this release of pro-
inflammatory substances has also been demonstrated in humans
[23–25]. However, for the non-irradiated area adjacent to the sun-
burn this neuropeptide modulated hypersensitivity has up until
now not been demonstrated.

As for other pain models our data support the assumption that
in the UV-B model an increase of spontaneous nociceptor activity in
inflamed skin may enhance responsiveness of these mechanosen-
sitive nociceptors in a larger receptive field beyond the inflamed
skin via the central nervous system [4,26]. Nociceptive afferent
input and increase of spontaneous activity are regarded the trig-
ger for the development of secondary hyperalgesia. The size of the
sunburn may therefore play a crucial role. This also may explain
inconsistency in the proof or respective lack of proof of mechani-
cal hyperalgesia adjacent to irradiated tissue in the sunburn model
[5,9,27]. While our study group has applied relatively large sun-
burn areas (between 19.6 cm2 and 13.9 cm2), other groups have
worked with significantly smaller and partially differently shaped
areas [2,5,27].

Various mechanisms may contribute to secondary hyperalgesia
in the UV-B model. Previous trials demonstrated that NSAIDs,
Cox-2-selective inhibitors and opioids can be targeted to reduce
secondary hyperalgesia in the UV-B-model [10,11,28]. Gabapentin,
a typical centrally acting anti-hyperalgesic drug, did have a hypoal-
gesic effect in the model of temporal pain summation [29].
Nevertheless, it did not change secondary hyperalgesia in the UV-B
induced inflammatory skin pain model at a single dose of 600 mg
[11]. N-methyl d-aspartate (NMDA)-receptor antagonists have not
been studied in humans in this model, although the NMDA-receptor
may be involved as it is in other models [19].

4.4. Limitations

It is the advantage of the use of intradermal microdialysis fibres
to maintain anaesthesia reliably over a prolonged period, com-
pared to multiple small injections of local anaesthetic [12,17,30].
We ascertained that anaesthesia was functional before applying
irradiation, to exclude any interference with the developing inflam-
mation. This excludes any breakthrough of afferent nociceptive
input during our study. However, our data are not suitable to
exclude, that the application of the microdialysis fibres, although
pain-free during transient cryoanaesthesia, may have induced
peripheral sensitisation.

Within the area of sunburn neither thermal perception, ther-
mal pain, pressure pain thresholds nor blood flow were affected by
the anaesthetic strip, indicating a well-defined small area of local
anaesthesia with no relevant dispersion. Systemic effects cannot be
excluded in our study. However, compared to intravenous doses of
about 200 mg lidocaine delivered to a 70 kg subject, the systemic
impact of intradermal application of 6 mg/h lidocaine in our study
can be regarded as minimal [31].

We did not study the maximum hyperalgesia in the UV-B model
for practical reasons, which peaks at 24 h. However, for the test-
ing of our hypothesis, the extent of mechanical hyperalgesia was
large and sufficient. This was a single-blinded study and we cannot
exclude investigator bias. However, all parameters are consistent at
all time points and measure sites and confirm the respective results.

4.5. Conclusion

In conclusion, this trial provides evidence for the central origin
of secondary mechanical hyperalgesia in the UV-B sunburn pain

model. Continuous peripheral afferent blockade with local anaes-
thetic did not alter the development of mechanical hyperalgesia at
8 h after UV-B irradiation. This confirms previous findings in other
pain models and provides further evidence that the UV-B model
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