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Abstract: Background: The human ultraviolet-B (UVB) experimental pain model induces cutaneous neurogenic in-
flammation, involves hyperalgesia, and is widely used as a pharmacological screening pain model. Aim: To estimate 
the test-retest reliability of the UVB pain model by application of a comprehensive set of vasomotor and quantita-
tive sensory assessment methods and to estimate sample sizes required for parallel or crossover pharmacological 
screening studies when this model is considered to be applied. Methods: The upper arms of 15 healthy male volun-
teers were UVB irradiated with three times the minimal erythema dose. Neurogenic inflammation was assessed by 
measuring erythema index, superficial blood flow and skin temperature at baseline, 1 day, 2 days and 3 days post 
irradiation. Sensory changes were assessed by brush stroke, von Frey hairs, pressure algometry, heat-evoked pain, 
stimulus response function to weight calibrated pin-prick stimulation, and the area of secondary hyperalgesia. The 
experiment was repeated with a two-week interval. Systematic bias, Coefficient of variation (CV), and intra-class 
correlation (ICC) were calculated within and between UVB irradiations. The sample sizes for parallel and crossover 
studies were calculated. Results: Neurogenic inflammation (erythema index) and primary hyperalgesia (pin-prick 
stimulation) remained significant for 3 days, and were highly reproducible within and between the UVB irradiations 
resulting of low sample sizes (4-26) in both parallel and crossover studies. Conclusion: Based on sample size calcu-
lations, it is recommended to use the erythema index to assess neurogenic inflammation, and pin-prick stimulation 
for primary hyperalgesia for both parallel and crossover pharmacological screening studies. 

Keywords: Ultraviolet-B, quantitative sensory test, reproducibility, sample size, primary hyperalgesia, secondary 
hyperalgesia

Introduction

The UVB model is a human [1-6] and animal [7, 
8] experimental pain model of a local cutane-
ous hyperalgesia and inflammation. The model 
is widely used for assessing efficacy and mode-
of-action of analgesic and anti-inflammatory 
drugs in clinical trials [1, 2, 4]. The UVB model 
induces thermal and mechanical hyperalgesia 
(primary hyperalgesia) at the site of irradiation 
[1, 3, 5, 6] and occasionally in the surrounding 
areas (secondary hyperalgesia) [2, 3, 6]. The 
induced inflammatory process, tissue damage, 
and released cytokines [9, 10] cause a charac-
teristic demarked area of erythema (neurogen-
ic inflammation) [5]. The UVB model is in par-
ticular useful for pharmacological screening as 
it can help translating data from animals to 

humans [7, 8]. The UVB induced primary hyper-
algesia develops after approx. 24 h and remains 
for more than 48 h [2, 3, 6] making the model 
useful in pharmacological screening studies 
with repeated dosing or for compounds with 
long lasting action [3, 11-13]. However limited 
data exist on the reproducibility of this model 
when more inflammatory and pain biomarkers 
are included [1-5], which is important for ade-
quate powering of sample size estimations for 
planning and designing pharmacological stud-
ies utilizing a comprehensive test platform. 

No studies have so far evaluated the reproduc-
ibility and sample size estimations 1) of a broad 
spectrum of mechanical and thermal stimulus 
modalities used for assessing the UVB induced 
hyperalgesia which is important when effects 
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on specific mechanisms are to be evaluated 
e.g. transient receptor potential vanilloid recep-
tor 1 (TRPV1) antagonists [14] and the 2) differ-
ent imaging technologies for assessing the 
vasomotor response associated with neuro-
genic inflammation. 

A recent study assessing primary heat and 
mechanical hyperalgesia [15] found promising 
reproducibility, indicating sufficient reliability of 
the UVB model especially for crossover designs, 
but unfortunately sample size estimations were 
not estimated. 

In previous clinical drug trials using the UVB 
model different sample sizes (range 6-45) have 
been used. A recent meta-analysis of neurosci-
ence literature showed an average power as 
low as 8% to 31%, probably causing an overes-
timation of the investigated effect size [16]. 
Therefore, to rationally plan and design phar-
macological screening studies (parallel or 
crossover) it is important to know the variability 
of the various parameters both within the same 

UVB irradiation and between different UVB irra-
diation to calculate the proper sample size for 
different study designs.

The aims of the present study were to 1) inves-
tigate intra- and inter-individual variation of the 
UVB model using a variety of quantitative sen-
sory tests and vasomotor assessment meth-
ods and 2) to estimate sample sizes for parallel 
and crossover pharmacological screening stu- 
dies. 

Materials and methods

Subjects

Fifteen healthy, pain free male volunteers (aged 
between 18 and 27 years) with a body mass 
index within the normal range (18.5-24.9 kg/
m2) participated in this study after giving their 
written informed consent. The volunteers had 
been informed about the right to withdraw from 
the study at any time without giving a reason 
and that they would be financially compensated 
for their time spent. The volunteers participat-
ed in a screening session where a full medical 
history was taken and a pre-study examination 
was performed before any test procedure. The 
exclusion criteria were: red-haired; presence of 
an acute pain; skin diseases, or any use of alco-
hol, caffeine or any analgesic drugs 24 h prior 
to the sessions or within the sessions. 

Study design

The study was conducted at Aalborg University 
and performed in accordance with the 1996 
version of the Declaration of Helsinki. The study 
was approved by the local ethics committee 
“Region North Jutland’s Science Ethics Commi- 
ttee” (registration number: N-20100063) and 
by the Danish Data Protection Agency. 

The study consisted of a screening session, a 
training session with the determination of the 
minimal erythema dose (MED) and two identi-
cal study sessions (session 1 and 2) with a two 
weeks interval. Each session consisted of visits 
over four days. The study design is illustrated in 
Figure 1. 

Prior to the study start, the subjects participat-
ed in the training session to familiarize with the 
various test procedures. Assessments of neu-
rogenic inflammation and sensory perception 
were performed before (baseline) irradiation 

Figure 1. The study design including a screening 
session, a training session with the UVB irradiation 
for the determination of the minimal erythema dose 
(MED) followed by 2 repeated sessions separated by 
a 2 week’s interval. Assessments were made 1, 2 and 
3 days after UVB exposure.
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and 24 h, 48 h and 72 h after irradiation. The 
baseline assessment of neurogenic inflamma-
tion and sensory perception were achieved 
from the area planned for the UVB irradiation. 
Subjects were irradiated on the ventro-medial 
side of the upper arm at a single circular spots 
with a diameter of 1.5 cm (180 mm2), primary 
area and with 3 x MED. The between session 
reliability was assessed by repeating the same 
procedures on the contralateral upper arm 
fourteen days after the first irradiation. This 
allowed an estimation of the reliability between 
two UVB irradiations.

MED determination

MED was determined using a standardised 
UVB source (290-320 nm; Saalmann Multi- 
tester, SBC LT 400 Herford, Germany). The 
source was calibrated before each session to 
ensure the stability of the output. For MED 
determination, 5 circular spots on the skin with 
a diameter of 1.5 cm (180 mm2) were exposed 
with increasing intensities at the volar fore- 
arm. 

The MED was determined visually 24 h after 
irradiation using the following grading: 0. No 
erythema; 1. Very slight erythema (barely 
perceptible); 2. Well-defined erythema (MED); 
3. Moderate to severe erythema; 4. Severe ery-
thema (beet) redness to eschar formation. The 
circular spots with a grade 2 were defined as 
the MED of a particular subject. 

Neurogenic inflammation

Erythema index: The erythema index (redness) 
of the skin was measured with a ColorMeter 
(DSM II Cortex Technology, Hadsund, Denmark). 
The device provides a read-out of erythema 
(erythema-index) based on the light absorption 
characteristics of the skin.

Skin temperature: The skin temperature at the 
irradiated area was measured with an infrared 
thermometer (Fluke 561 IR and contact ther-
mometer, Fluke Corporation, Eindhoven, The 
Netherlands). 

Superficial blood flow (sBF): The sBF was meas-
ured with a laser Doppler Imaging (LDI, Moor 
V5.2 Instrument, Devon, UK). This device scans 
with a 2-mW helium laser across the skin sur-
face and registers the shifted frequency from 

the backscattered light. Thereby, the velocity of 
moving erythrocytes is calculated and present-
ed as a colour coded picture representing a 
relative measure of perfusion (or flux) in 2 
dimensions. The laser head was positioned 30 
cm above the skin. An area of 8 x 8 cm was 
scanned with a resolution of 228 by 230 pixels. 
The sBF was calculated both in the irradiated 
(primary) area and the surrounding area (sec-
ondary) using relative flux (arbitrary units). The 
images were analysed using dedicated image-
processing software (Moor V5.2 Instruments 
Ltd.). 

Sensory responses

An electronic visual analog scale (eVAS; Aalborg 
University, Aalborg, Denmark) ranging from 
0-10 was used for sensory intensity ratings, 
where 0 indicated “no sensation”, 5 (midpoint) 
indicated “pain threshold” and 10 indicated 
“maximal imaginable pain”. Only the midpoint 
and ends of the 10 cm sliding scale were 
marked and the subjects were instructed that 
the non-painful sensations should be rated 
below the midpoint and the painful sensations 
should be rated above the midpoint. 

Dynamic mechanical allodynia: Brush evoked 
dynamic mechanical allodynia was assessed at 
the site of irradiation (primary area). A standard 
brush (SENSELab Brush-05, Somedic AB, 
Hörby, Sweden) was used and manually stroked 
3 times along a 2 cm line with an interval of 10 
sec. The strokes were applied at an angle of 
45° and the subjects were asked to rate the 
sensation intensity on the eVAS (average of the 
three subsequent brushes). The subjects were 
asked to keep their eyes closed during the 
procedure. 

Tactile perception threshold: The tactile per-
ception threshold to thin von Frey filament stim-
ulation was estimated by stimulation with the 
thinnest von Frey filament (26 mg, 5 g/mm2) 
and increasing the thickness until the subject 
perceived the stimulation. Each filament was 
applied 3 times. The tactile perception thresh-
old was defined as the thinnest filament that a 
subject perceived at least twice out of 3 
stimulations. 

Pressure pain threshold (PPT): The PPT was 
determined at the irradiated skin with a hand-
held algometer (Somedic algometer, Somedic 
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AB, Hörby, Sweden). The pressure was applied 
at a rate of 30 kPa/sec, by using a probe with 
an area of 0.5 cm2. For determination of the 
PPT the subjects were instructed to press a 
response button when the pressure changed 
from a non-painful to a painful sensation. The 
average of 3 determinations was used for 
calculation. 

Heat pain threshold (HPT): HPT was determined 
by the methods of limits using a thermal sen-
sory testing device (TSA 2001 Medoc TM, 
Ramat Yishai, Israel). The thermode head (30 x 
30 mm) was attached at the site of irradiation 
using an elastic band. Care was taken to con-
sider upper arm curvatures when placing the 
probe in order to achieve optimal contact 
between the probe and the surface of the upper 
arm. Stimulator temperature range was 32- 
52°C. Starting temperature was set to 32°C 
and the temperature was gradually increased 
at a rate of 0.6°C/s. When the pain threshold 
was reached, the temperature returned to 
baseline with a rate of 1.0°C/s. Subjects were 
instructed to press the stop button as soon as 
the thermal sensation became painful. 

Stimulus-response function to weighted cali-
brated pin-prick stimulation: The stimulus-
response function to weight calibrated pin-
prick stimuli was assessed at the irradiated 
area using weight calibrated pin-prick set 
(Aalborg University, Denmark) consisting of 8 
metallic pins (diameter 0.6 mm) with different 
weights: 0.8, 1.6, 3.2, 6.4, 12.8, 25.6 and 60.0 
g. The subjects were asked to close their eyes 
and each pin was applied three times (holding 
the pin for 2 sec.). The subjects rated the aver-
age of the three subsequent stimuli on the 
eVAS. 

Determination of the area of secondary hyper-
algesia (sArea)

The sArea was quantified with both a von Frey 
hair and weight calibrated pin-prick stimula-
tion. Based on the findings from previous stud-
ies [17], 24 g (122 g/mm2) von Frey hair and the 
6.4 g (23 g/mm2) pin were chosen to detect the 
area of secondary hyperalgesia. The subjects 
were asked to close their eyes while the stimu-
lation was induced 8 cm away from the area of 
irradiation and was repeated along a pattern of 
8 radial spokes towards the irradiated area. 
With movement along each spoke at a distance 
of 5 mm, the subjects were asked to report 

when the sensation of the pricking changed 
definitely, i.e. changed from a normal to “differ-
ent”, “pain”, “burning” or “unpleasant” sensa-
tion. This location was marked with a pen, 
traced on a transparent sheet for later analysis 
and erased after the measurements to avoid 
bias during the following measurements. The 
two areas were determined from these 8 spots 
by calculating the area of an octagon using the 
software Vistamatrix (version 1.36.0m, Skill- 
Crest LLC ©). 

Statistical analysis 

Bias, coefficient of variation (CV), intra-class 
correlation coefficient (ICC), and sample size 
estimation were used to estimate the reliability 
for both parallel and crossover experimental 
study designs. The post-UVB irradiation meas-
urements were compared between the two 
UVB irradiations (dominant and non-dominant 
arms) to estimate the reliability in parallel study 
designs. The post-UVB irradiation measure-
ments were compared within the same UVB 
irradiation (1, 2 and 3 days after irradiation) to 
estimate the reliability in crossover study 
designs.

Bias: For the assessment of systematic bias, 
the data were analysed by repeated measures 
analysis of variance (rmANOVA) with fixed fac-
tors of time (four levels; baseline, 1 day, 2 days 
and 3 days) and session (two levels; session 1 
and session 2) and the random subjects factor 
(SPSS 20, IBM). Secondary hyperalgesia is not 
present in naïve skin i.e. at baseline, thus, the 
time factor only included the post treatment 
measures. The time-by-session interaction was 
also included in the model to test whether the 
temporal development of the UVB model was 
different between sessions. Greenhouse-
Geisser correction was used to correct for lack 
of sphericity often occurring when time is 
included as a factor. Post hoc Bonferroni multi-
ple corrections were used and p-values less 
than 0.05 was considered statistically signi- 
ficant. 

ICC: The ICC (2,1) model [18] was used to esti-
mate the relative reliability both within and 
between sessions. The ICC is the between sub-
jects variation divided by the total variation: 

ICC 2 2

2
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and it relates to the consistency of the subjects 
rank or position in the test relative to the retest 
[19]. 

CV: The absolute reliability was estimated by 
calculating the CV: 

CV SD=
n

,

where SD is the standard deviation and µ is the 
mean of the measurements for each individual. 
CV is therefore an absolute measure of reliabil-
ity describing the typical error divided by the 
mean [20]. 

Sample size estimation: The minimal samples 
sizes needed to detect a clinically relevant 
effect of a potential pharmaceutical screening 

were calculated for a parallel and a crossover 
study. The desired significance level (α) was set 
to 0.05 by convention and the desired power 
(1-β) was set to 0.9. The clinically relevant 
effect (E) was estimated as 30% of the differ-
ence between baseline measurements and 
post-UVB irradiation measurements. For a par-
allel study design the sample size (nparallel) was 
estimated as: 

21.01n E2
2

parallel =
$ v ,

where σ is the standard deviation of the post-
UVB irradiation measurements [21]. For a 
crossover study design the sample size (ncorss-

over) was estimated as
21.01 1

n E2
2

cross over

-
= $ $v t

-

^ h ,

Figure 2. Neurogenic inflammation of the UVB model. The neurogenic inflammatory response to UVB treatment was 
observed as an increased erythema, skin temperature, and superficial blood flow (sBF) inside the irradiated area 
(p < 0.001, rmANOVA, Bonferroni), but not sBF outside the irradiated area. Difference between post UVB treatment 
and baseline is indicated by *, difference between sessions is indicated by ‡, and a black line spans differences 
within post UVB treatment assessments is indicated by †.
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where ρ is Pearsons correlation coefficient esti-
mated between measurements at 24 h and 78 
h [21]. 

Results

Fifteen subjects completed the study. None of 
the subjects reported pain during the UVB irra-
diation and no blister or skin damage appeared 
on the irradiated skin. The MEDs were between 
55-160 mJ/cm2.

Neurogenic inflammation

Erythema index: The erythema index was sig-
nificantly increased after UVB irradiation (p < 
0.001) and there was no significant difference 
between the 3 post UVB measurements and no 
statistically significant difference between ses-
sions (Figure 2). 

Skin temperature: The skin temperature was 
significantly increased after UVB irradiation (p 
< 0.001) and there was no significant differ-
ence between the 3 post-UVB measurements. 
Baseline skin temperature was 0.6°C higher in 
session 1 than in session 2 (p < 0.011; Figure 
2). 

sBF inside the irradiated area: The sBF inside 
the irradiated area was significantly increased 
after UVB irradiation (p < 0.001), and decreased 
during the 3 post treatment days (p < 0.04). 
The sBF inside the irradiated area was higher 
after the first UVB irradiation than the second 
UVB irradiation at the first and the third days 
after UVB irradiation (p < 0.01, Figure 2). 

sBF outside the irradiated area: The sBF sur-
rounding the irradiated area was not signifi-
cantly increased after UVB irradiation and there 

were no statistically significantly differences 
between the SBF outside the irradiated area 
generated by the two UVB sessions (Figure 2).

Reliability and sample size estimation: The reli-
ability measures and sample size estimations 
of the neurogenic inflammation assessments 
are shown in Table 1.

Primary sensory responses

Dynamic mechanical allodynia: The sensation 
evoked by brush stroking was increased at day 
2 after UVB irradiation compared to baseline (p 
< 0.022), whereas no significant changes from 
baseline was observed at days 1 and 3 (Figure 
3). There were no differences between the two 
sessions and there were no interactions bet- 
ween session and time factors.

Tactile perception threshold: The tactile sensa-
tion threshold to von Frey hairs was different 
between sessions (p < 0.047; Figure 3). There 
was also a significant time effect (p < 0.046) 
but pairwise Bonferroni corrected comparisons 
did not indicate any significance. No interaction 
between the session and time factors was 
found.

Stimulus-response function to weighted cali-
brated pin-prick stimulation: The stimulus 
response functions of the weight calibrated 
pin-prick stimulation showed that the VAS 
increased as the pin-prick weights were 
increased (p < 0.001). The VAS was increased 
by the UVB irradiation at all three post UVB irra-
diation days as compared to baseline (p < 
0.001). The post UVB irradiation VAS scores 
were not statistically different from each other. 
Furthermore, there was no statistically differ-

Table 1. Reliability and sample size estimation of neurogenic inflammation assessment methods 
in the human UVB model. The intra-class correlation coefficient (ICC) and coefficient of variation 
(CV) were calculated within the 3 consecutive days after one UVB irradiation as well as between two 
UVB irradiations separated by two weeks. The sample size was estimated for crossover and parallel 
designed drug studies. Neurogenic inflammation was assessed as erythema, skin temperature and 
superficial blood flow (sBF) inside and outside the irradiated area

Within UVB irradiation Between UVB irradiation Estimated Sample Size
ICC CV (%) ICC CV (%) Crossover Parallel

Erythema index 0.50 6 0.63 4 4 6
Skin Temperature 0.43 2 0.38 2 73 134
sBF inside irradiated area 0.29 20 0.35 19 15 20
sBF outside irradiated area 0.31 22 -0.05 23 6850 10230
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ence between the two UVB irradiation sessions 
(Figure 4).

The reliability analysis showed better reliability 
and lower estimated sample sizes for heavier 
pin-prick stimulation compared to lighter pin-
prick stimulation (Table 2).

Pressure pain threshold (PPT): The PPT was sig-
nificantly decreased after both UVB treatments 
at all 3 days (p < 0.006), and there were no sig-
nificant differences between the post UVB irra-
diation days. The PPT was different between 
the two UVB sessions (p < 0.020, Figure 3). No 
interaction between the session and time fac-
tors was found.

Heat pain threshold (HPT): The HPT was signifi-
cantly decreased after UVB irradiation (p < 
0.001), where all 3 post UVB radiation days 
were lower than baseline (p < 0.001), and the 
HPT at the third day was increased compared 
to the first and the second day after UVB irra-
diation (p < 0.040). There were no significant 
differences between the two UVB sessions and 
there were no interactions between the session 
and time factors (Figure 3).

sArea

Von Frey hair evoked sArea: The sArea assessed 
by von Frey hair was larger than zero at all three 
post UVB radiation days, but not larger than the 

Figure 3. Primary sensory changes of the UVB model. Primary sensory changes to UVB treatment were assessed 
for dynamic mechanical allodynia to brush stroking, tactile perception threshold to von Frey stimulation, pressure 
pain threshold, and heat pain threshold. Difference between post UVB treatment and baseline is indicated by *, 
difference between sessions is indicated by ‡, and a black line spans differences within post UVB treatment assess-
ments is indicated by †.
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irradiated area (180 mm2). Time (p < 0.002), 
session (p < 0.001) and interaction (p < 0.046) 
effects were observed between post-UVB treat-
ments assessments. The sArea was the largest 
after the first UVB session assessed at both 
the first (p < 0.005) and the second (p < 0.002) 
days. The sArea decreased from the first to the 
third day (p < 0.02) after the first UVB irradia-
tion, but no differences were observed between 
days after the second UVB irradiation (Figure 
5). 

Pin-prick evoked sArea: The sArea assessed by 
pin-prick stimulation was larger than zero at all 
three post UVB radiation days, but not larger 
than the irradiated area (180 mm2). The sArea 
was larger after the first session than after the 
second session (p < 0.002), and the sArea 
decreased from the first to the third day UVB (p 
< 0.031, Figure 5).

The reliability measures and sample size esti-
mations of the sArea assessments are shown 
in Table 3.

Discussion

The present study for the first time 1) investi-
gated the effect size and reproducibility of a 

comprehensive set of measures for UVB 
induced neurogenic inflammation and pain sen-
sitization and 2) estimated the number of vol-
unteers to be in included in crossover and par-
allel pharmacological studies to detect a 30% 
recovery (drug effect) of the UVB induced 
changes. 

The sample size estimation is derived from 
both the variation of measurements under fixed 
conditions, the effect size caused by UVB irra-
diation, and for crossover studies also the cor-
relation of the assessments between test and 
re-test. Furthermore, we reported the sample 
size estimation needed to detect a 30% recov-
ery by the tested drug. It should be noted that if 
smaller effect size are expected, more subjects 
must be added to the study to detect the pos-
sible effect of the tested drug.

Sample size estimation is needed for designing 
basic and pharmacological studies using the 
UVB inflammatory pain model. Recently, analy-
sis of the biomedical literature has indicated a 
surprisingly low power of studies in the biomed-
ical research [16, 22] and hence adequate 
sample sizes and reproducible outcome meas-
ures are pivotal for study designs and in par-
ticular for studies where the mode-of-mecha-
nism is assessed for new analgesic compounds 
under development. 

Neurogenic inflammatory assessments 

UVB induced neurogenic inflammation was 
highly reproducible providing low numbers of 
participants as well in crossover as in parallel 
group studies with acceptable ranging from 
4-15 volunteers and 6-20 volunteers, respec- 
tively. 

Erythema: The quantitative and objective 
assessment of the erythema index showed a 
significant development over the first 24 hours 
and remained stable up to 72 hours which adds 
quantitative data to the previous studies where 
erythema has been assessed by visual inspec-
tion [1, 2, 3, 5, 14, 23-26]. Assessing erythema 
in a quantitative and objective way is recom-
mended as it is much more reliable than visual 
scores of redness as done in many studies. 
Objective assessment of erythema provides a 
reliable assessment tool for allowing low sam-
ple sizes for both crossover (n = 4) and parallel 
(n = 6) study designs. 

Figure 4. Stimulus response functions of weight cali-
brated pin prick stimulation before (Day 0) and up 
to three days (Day 1-3) after UVB irradiation. There 
were no statistical significant differences between the 
two UVB irradiation sessions therefore the data from 
the two sessions are plotted together (rmANOVA, p > 
0.05). The VAS increased as the intensities increased 
(rmANOVA, Bonferonni, p < 0.001). The VAS assessed 
at baseline was increased by UVB irradiation as-
sessed at all three days (rmANOVA, Bonferonni, p < 
0.001).
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Superficial blood flow (sBF): An eight-fold 
increase of sBF in the irradiated area was 
observed after 24 h as previously reported 
using the same laser Doppler imaging technol-
ogy [24] and we found a slight decline at the 
day 2 and 3 assessments. Hoffmann and 
Schmelz [23] found a slightly earlier peak in 
blood flow at 12 h and a significant elevation up 
to 4 days after the irradiation. Like assessing 
erythema index, assessment of the sBF pro-
vides an objective and reliable assessment 
method with slightly larger sample sizes for 
both crossover (n = 15) and parallel (n = 20) 
designs. 

Modulation of UVB induced neurogenic inflam-
mation: The use of different techniques for 

assessment of neurogenic inflammation has 
been suggested by Zachariae et al. [27] as they 
found a significant effect of hypnotic sugges-
tions on cutaneous blood flow but no effect on 
erythema indicating separate regulatory mech-
anisms behind central nervous system influ-
ence on UVB induced erythema and skin blood 
flow.

Reliable assessment of the UVB induced neuro-
genic inflammation is becoming increasingly 
important as new compounds under develop-
ment such as TRPV1-antagonists have shown 
to modulate neurogenic inflammation signifi-
cantly [14] and hence it is recommended to 
include this parameter in the drug screening 
platform. Drugs interacting with the peripheral 

Table 2. Reliability and sample size estimation of primary sensory responses in the human UVB 
model. The intra-class correlation coefficient (ICC) and coefficient of variation (CV) were calculated 
within the 3 consecutive days after one UVB irradiation as well as between two UVB irradiations sepa-
rated by two weeks. The sample size was estimated for crossover and parallel designed drug studies. 
Primary sensory responses were assessed as dynamic mechanical allodynia by brush stroking, tactile 
perception threshold to von Frey stimulation, pressure pain threshold, heat pain threshold, and the 
sensation to pin-prick stimulation with calibrated weights at 12.8 g and 60.0 g

Within UVB irradiation Between UVB irradiation Estimated Sample Size
ICC CV (%) ICC CV (%) Crossover Parallel

Dynamic mechanical allodynia 0.74 40 0.25 47 352 1043
Tactile perception threshold 0.62 26 0.08 33 180 333
Pressure pain threshold 0.74 21 0.59 23 15 42
Heat pain threshold 0.94 1 0.89 2 6 100
Pin-prick, 12.8 g 0.68 16 0.64 15 19 46
Pin-prick, 60.0 g 0.76 8 0.54 9 7 26

Figure 5. The area of secondary hyperalgesia in the UVB model. The area of secondary hyperalgesia after UVB 
treatment was assessed as sensory changes when stimulated by von Fray filaments and weight calibrated pin prick 
stimulation. Difference between sessions is indicated by ‡, and a black line spans differences within post UVB treat-
ment assessments is indicated by †.
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neuronal network via specific receptor systems 
may modulate differently the different compo-
nent of the neurogenic inflammation and hence 
provide important mechanistic information. 
Both temperature and erythema in the primary 
area have previously been shown to be modu-
lated by a topical non-steroidal anti-inflamma-
tory drug patch [28, 29]. Botulinum toxin A is 
found to have no effect on UVB induced neuro-
genic inflammation [26] whereas the toxin 
caused significant inhibition of capsaicin-
induced neurogenic inflammation [30] indicat-
ing the importance of incorporating and utilis-
ing different techniques in the provocation and 
analysis of neurogenic inflammation. The neu-
rogenic inflammation induced by UVB and cap-
saicin are fundamentally very different where 
the UVB erythema is restricted to the area of 
damage/irradiation and the capsaicin causes a 
substantial spread outside the area affected.

Primary allodynia and hyperalgesia

The present study detected significant dynamic 
mechanical allodynia within the irradiated area 
at day 2 after UVB irradiation, in accordance 
with the study by Sycha et al. [26]. The static 
primary pin-prick hyperalgesia assessed with 
the highest fixed stimulus intensity showed the 
most reproducible sensory changes. Bishop et 
al. [5] assessed the primary hyperalgesia with 
an electronic von Frey 6 h, 1 day, 2 days, 3 
days, and 4 days after UVB irradiation and 
detected a significant decrease in the mechani-
cal pain threshold for all time points with a 
peak of effect at day 1 but the study did not 
assess the reliability of the test. In the current 
study the pin-prick hyperalgesia remained sta-
ble for 3 days providing a good opportunity to 
follow drug effects over days using only one 
induction of primary hyperalgesia. As compared 

with e.g. topical capsaicin the primary hyperal-
gesia is only stable few hours after induction. 

Stimulus-response function to weight calibrat-
ed pin-prick stimulation: The present study 
showed an upward shift of the stimulus-
response function to weight calibrated pin-
prick stimulation assessed in the area of pri-
mary hyperalgesia. The shift remained for the 
3-day period of the study. This finding was simi-
lar to the results from Sycha et al. [26] who 
investigated hyperalgesia to pin-prick 1 day 
after the irradiation. This study also found that 
the intensity of hyperalgesia was proportionally 
increased with an increase in pin-prick weight 
[26]. Based on the results obtained from the 
present study the pin-prick test is a more reli-
able method for the detection of primary hyper-
algesia in this model, compared to the tactile 
sensation threshold obtained by von Frey hairs. 
Furthermore, the most reliable results were 
obtained with the heaviest pin-pricks. There- 
fore, the pin-prick method is a reliable indicator 
for the inflammatory activation of Aδ- fibers in 
the area of primary hyperalgesia.

Pressure pain threshold (PPT): The present 
study detected a significant decrease in the 
PPT, but the degree of decrease differs between 
the two sessions. The PPT was at baseline 
lower in session 2 (left arm) in comparison to 
the session 1 (right arm). The issue might be a 
matter of arm dominance [31], as the non-dom-
inant side is more sensitive to pain than the 
dominant side and thirteen of the fifteen sub-
jects in this study were right-handed. Increased 
PPT both inside and outside the UVB irradiated 
area has previously been shown [32], however 
it is still not clear if the pressure is activating 
cutaneous nerve fibers or if the response from 
deep nociceptors is being sensitized. Although 

Table 3. Reliability and sample size estimation of the area of secondary hyperalgesia in the human 
UVB model. The intra-class correlation coefficient (ICC) and coefficient of variation (CV) were calcu-
lated within the 3 consecutive days after one UVB irradiation as well as between two UVB irradiations 
separated by two weeks. The sample size was estimated for crossover and parallel designed drug 
studies. The area of secondary hyperalgesia was assessed as the area of sensory changes when 
stimulated by von Fray filaments and weight calibrated pin-prick stimulation

Within UVB irradiation Between UVB irradiation Estimated Sample Size
ICC CV (%) ICC CV (%) Crossover Parallel

Von Frey 0.82 50 0.82 45 48 212
Pin-Prick 0.90 39 0.82 44 21 171
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the sample sizes are reasonable (15 and 42), 
additional studies on the PPT in the model 
should be performed before PPT assessments 
can be recommended for pharmacological 
screening studies. 

Heat pain threshold (HPT): A decrease in the 
HPT following the UVB irradiation was detected 
with the lowest thresholds at day 1. The HPT 
gradually returned towards baseline, but 
remained below baseline for 3 days. Several 
studies have investigated the HPT in this model 
and have detected a significant decrease in the 
HPT 1 day after irradiation [2, 4, 5, 23, 25, 26]. 
Two other studies have also investigated the 
time-course of the HPT with similar results as 
seen in the present study [5, 23], but these 
studies did not investigate the reliability of this 
test. The reproducibility test showed that UVB 
irradiation induced sensory changes can be 
assessed by HPT in crossover studies with 6 
subject to include, but not in parallel studies (n 
= 100). This pronounced difference in sample 
sizes is caused by the high relative reliability of 
HPT assessments. 

Secondary hyperalgesia

In the present study, an area of altered sensa-
tion was observed to both von Frey hair and 
pin-prick stimuli. The area decreased during 
the 3-day study period, but remained signifi-
cantly different from zero. The area was not 
larger than the irradiated area and it is ques-
tionable if the changed sensation reflects a 
secondary phenomenon or rather a primary 
sensory change. Although both methods were 
able to detect an area of altered sensation, the 
pin-prick method required fewer subjects com-
pared to the von Frey filament method to detect 
a 30% return to baseline in the UVB model. 
Based on these results, both tests seem to be 
reliable within the same subject, but the varia-
tion between subjects was large. The size of 
area of altered sensation was larger during ses-
sion 1 compared to session 2, which indicates 
that the volunteers were more familiar with the 
process and thereby had a smaller reaction, or 
that there were differences between the domi-
nant and non-dominant arms. In the present 
study, the mean sBF outside the irradiated area 
was investigated, but no change was detected 
after the irradiation. 

The UVB induced sArea has been investigated 
in several other studies [1, 2, 3, 5, 26], but dif-

ferent sites of irradiation were chosen and not 
all of the studies succeeded in the detection of 
the sArea. One of the studies [5] investigated 
the sArea on the forearm of the volunteers, but 
secondary hyperalgesia could not be detected. 
A similar result was observed in a preliminary 
pilot study performed prior to the present study, 
where the forearms of four volunteers were irra-
diated, but no sArea was detected (data not 
shown). These findings indicate a possible rela-
tion between the development of a sArea and 
the site of irradiation but the issue needs to be 
further addressed. Another noticeable factor is 
the weight of the von Frey hair used for the 
detection of the sArea. The studies applying 
150 g von Frey [1-3] were able to detect the 
presence of a sArea, while the study applying 
the 10 g von Frey filament did not detect sArea 
i.e. Bishop et al [5]. A 10 g von Frey was proba-
bly not a suitable pressure for the detection of 
any sArea. 

The UVB model as a pharmaceutical screening 
tool

The primary pin-prick hyperalgesia has been 
shown to be UVB dose-dependent in animals 
[7] and human studies [5] and hence this 
parameter seems to translate from animal to 
humans. In addition primary pin-prick hyperal-
gesia is modulated by different compounds e.g. 
tramadol [12] and a lidocaine patch [13].

Primary heat hyperalgesia after UVB is a very 
consistent finding across studies with a very 
high reproducibility and sufficient sensitivity to 
detect even an analgesic effect of weak anti-
inflammatory drugs [4], weak analgesics such 
as paracetamol-ketorolac [15], but also capa-
ble of profiling new analgesic compounds such 
as TRPV1 antagonists [14]. 

The development of secondary pin-prick hyper-
algesia after UVB is controversial and hence 2 
different methods (von Frey hair and pin-prick) 
were applied in the present study. These meth-
ods were not able to show reliable secondary 
hyperalgesia. However, Sycha et al. [3] were 
able to detect an effect of a COX-2 inhibitor on 
both primary and secondary hyperalgesia and 
in another study the opioid remifentanil but not 
the anti-convulsant gabapentin had significant 
effect on the secondary hyperalgesic area [2]. 
Topical application of opioids did not have any 



Reliability of the human UVB model

214	 Int J Physiol Pathophysiol Pharmacol 2013;5(4):203-215

significant effect on the development of hyper-
algesia [33].

Conclusion

The present study showed that in the UVB 
model induced neurogenic inflammation and 
hyperalgesia can be reliably tested for a period 
of 3 days after UVB irradiation and between 
two UVB sessions 2 weeks apart. Assessment 
of the erythema index is highly stable and rec-
ommended for assessment of neurogenic 
inflammation in both crossover and parallel 
drug studies. Primary hyperalgesia was most 
reliable assessed by a 60 g pin-prick stimula-
tion in both crossover and parallel drug studies. 
Assessment of the heat pain threshold is only 
recommended for crossover study designs. 
When choosing assessment tools and experi-
mental designs, in proof-of-mechanism drug tri-
als it is important to select the mechanistic 
tools adequate for the drug action but only 
those with good reproducibility can be select-
ed. Otherwise other pain models should be 
considered.
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