
Journal of Neurology, Neurosurgery, and Psychiatry 1988;51:35-42

Sensory and pain threshold characteristics to laser
stimuli
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SUMMARY The clinical applications of thermal sensory and pain thresholds have been very limited
due to large intra-individual variations. In the present paper CO2 and argon lasers were used as

thermal stimulators, and the different factors (stimulus parameters and skin conditions) affecting
the thresholds are described. The intra-individual variations obtained in sensory (9 3%) and pain
(4.3%) thresholds were very low, which suggests that the method can be applied for clinical
purposes.

According to Wall' radiant heat is particularly
favourable for investigation of thermal thresholds
because (I) it can elicit a specific afferent activity
without contamination from mechanosensitive
receptors, (2) it can be applied to different skin areas.
Lasers are especially suitable as thermal pain
stimulators, since they can generate intense and brief
heat pulses.2 ' The sensory response to graded CO2
laser stimulation ranges from a pre-pain sensation to
strong stabbing pain with burning after sensation.45
The aim of the present study was to develop a

method where a high reproducibility in thermal
thresholds could be obtained. Sensory and pain
thresholds were elicited by an infrared CO2 (10-6 gim)
and a visible argon (0488 and 0 515 gm) laser and the
influence of stimulus parameters, skin characteristics
and skin temperature was studied.
CO2 lasers have two disadvantages: (1) the beam

cannot be transmitted by optical fibres, and (2) the
superficial skin temperatures following a stimulus
become very high because infrared CO2 radiation is
fully absorbed within the very superficial skin layer.6
The high skin temperatures can result in superficial
burn lesions.478 CO2 radiation has the advantage
that less than 2% of the applied energy is reflected
from the skin surface independent of skin pigment.9
The disadvantage with argon laser stimulation is

the high reflectance (30 to 40%) from the skin
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surface.'0 The advantages are: (1) that argon laser
light can be transmitted by quartz fibre, which make
this laser type more appropriate for clinical purposes,
(2) the visible argon light (0-488 to 0-515 jim)
penetrates much deeper"'12 giving a more direct
energy transfer into the deeper dermal layers, which
reduce the superficial skin temperatures and activate
the receptors more directly. This is because the energy
is absorbed by the melanin in the basal epidermal
layers, and by the haemoglobin in the papillary
capillaries and in the superficial vascular plexus. The
heat is then conducted directly to the nearby
receptors.
The present study showed that argon lasers are

suitable as thermal stimulators. Thermal thresholds
are, however, modulated by stimulus parameters,
skin temperature and thickness. These demand
standard experimental conditions when thermal
thresholds are used for quantitative comparisons.

Methods

Subjects All volunteers gave their written consent
according to the Declaration of Helsinki. During the
experiment the volunteers were resting comfortably and
wore protective goggles.
Stimulation A surgical CO2 laser (Sharplan, 1040, Laser
Industries, Israel) was used for infrared (10-6 pm)
stimulation. The output power could be adjusted from 0 01
W to 38 W. Stimulus duration was adjustable in four steps,
50 ms, 100 ms, 200 ms, and 500 ms. The laser was operated
in TEMOO mode. A 0001 W HeNe laser visualised the
stimulation site.
The output from an argon laser (Lexel Aurora 150,

Cooper Medical, USA) was transmitted via quartz fibre to a
handpiece with adjustable beam diameter (04-6 mm). The

35

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.51.1.35 on 1 January 1988. D
ow

nloaded from
 

http://jnnp.bmj.com/


36

laser was operated in TEMOO mode. Output power could be
adjusted from 0 005 W to 2 9 W. The wave lengths were
0488 pm (blue) and 0515 pim (green). An external laser
power meter (Ophir, Israel) was used to measure the
dissipated output power. A continuous low energy beam
(0-005 W) from the argon laser visualised the stimulation
site.
Threshold determination To avoid any acoustical
interference synchronised to the stimulus white noise was
given through earphones. The stimulus was applied to the
dorsum (C7-dermatome) of the left hand within a target
area of 2 x 3 cm2. Repeated stimulation at identical spots
within the area was avoided to exclude the effect of receptor
fatigue and receptor sensitisation. The intervals between
stimuli were random with a mean of 30 seconds (range 15 to
45). The skin temperature on the dorsum of the hand was
monitored, and kept constant (33 + 2°C) during the
experiment.

Sensory and pain thresholds were defined as rating 1 and
3 respectively on a 7 point scale (table). The thresholds were
calculated as a mean of five ascending and five descending
series of stimulation.
Influence of skin temperature The influence of skin
temperature on sensory and pain thresholds was estimated
in 12 subjects (nine men, mean age 28 years, range 18-34,
and three women, mean age 30 years, range 23-36). At each
test the sensory and pain thresholds were determined for the
following skin temperatures: 28, 30, 32, 34, 36, 38 and 40 'C.
A local area (4 cm2) was heated by a Peltier device, to the

decided temperature. The temperature measured was used as
feedback to a control unit, in order to keep the temperature
constant (± 0 1 °C). The laser beam (200 ms duration, 3 mm
spot diameter) could reach the skin through a small hole in
the middle of the element. The element was moved after each
stimulation. A subsequent heating was started when the skin
temperature was returned to its initial value.
The influence of skin thickness Skinfold thickness was
determined by a caliper in 45 points on the lateral part of the
legs in one subject (male, 28 years). Skin thickness was
calculated as 0 5 x skinfold thickness. The argon laser
stimulus had a duration of 200 ms, and a diameter of 3 mm.
Skin preparation and reflection The skin reflection was
measured in 12 subjects (six men, mean age 30 years, range
23-40, and six women, mean age 28 years, range 20-39)
using the reflectance spectrophotometry method described
by Bjerring and Andersen.t2 To evaluate the effect of light

Table Seven point .scale for perception ojargon laser stimuli

Abbre v-
Perception Scale ilotioni Raiting

Very intense pin prick and
burning after sensation 6 VIPP/BS Very strong pain
Intense pin prick 5 IPP Strong pain
Sharp distinct pin prick 4 SDPP Moderate pain
Distinct pin prick 3 DPP Threshold of pain
Weak pin prick, warmth 2 PP,W Pre-pain
Faint pin prick, slight
touch, faint warmth I PP,T W Threshold of

sensation
No scnsation 0 NS

Arendt-Nielsen, Bjerring

absorption, carbon black was used for covering the total
area of stimulation.
The influence of laser type and stimulus parameters on
thresholds The sensory and pain thresholds to CO2 and
argon laser stimulation were determined in 12 subjects (six
men, mean age 27, range 17-38, and six women, mean age
24, range 16-30) for different stimulus durations (50, 100,
200, and 500 ms) and different beam diameters (1, 2, 3 and 5
mm). The thresholds were determined on normal skin and
on skin blackened by carbon black.
Threshold differences between sexes To study differences in
thresholds between sexes, a total of 52 young volunteers
were tested (30 men, mean age 32 years, range 18-46; 22
women, mean age 29 years, range 18 to 42). The argon laser
beam (200 ms duration, 3 mm beam diameter) was applied
to the dorsum of the hand.
Intra-individual variation in threshold In order to test
variability in sensory and pain thresholds five successive
determinations were performed in 12 subjects (seven men,
mean age 26 years, range 20-31, five women, mean age 27
years, range 18-31). The argon laser stimulus (200 ms
duration, 3 mm beam diameter) was applied on the dorsum
of the left hand.

Results

The influence of skin temperature on thresholds The
skin temperature was found to influence the sensory
and pain argon laser thresholds (fig 1). At skin
temperatures of 28'C and 30'C the sensory threshold
was characterised as a feeling of warmth. At skin
temperatures of 32°C the threshold was slightly
greater than at 30°C and the feeling was changed to a
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Fig I The nmeain sensorY ( ) and pain (0) threshold as a
fUnction of skin tenmperature. The vertical bars indicate the
standard deviation ot the mean. The laser pulses (200 m.s
lurationt 3 mntl beam1 diameter) weret applied to the dorsum
of the hand. 12 suhj cts (18-34 vears old).
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Sensory and pain threshold characteristics to laser stimuli: a method with clinical application

slight pin prick, and no perception of warmth could
be identified. The laser intensity needed to activate
this pin prick perception decreased with increasing
skin temperature (32-40°C). The mean argon laser
pain threshold decreased for an increase in skin

3.1
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Fig 2 The influence of skin thickness on argon laser sen-
sory threshold (200 ms duration, 3 mm beam diameter). A
total of55 points were selected on the lateral part of the
Sl-dermatome. A regression line (0 84 mm-O86) was fitted
through the points (R =089). One subject (male, 28 years
old).
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Fig 3 An example of skin reflectance determined from: A,
caucasian pale skin, B, moderately pigmented skin, and C,
skin covered with carbon black. One subject (male, 28 years
old).

temperature over the whole range of temperatures.
The difference between sensory and pain thresholds
was greater at low than at high temperatures.
The influence of skin thickness on thresholds A high
degree of variability in thresholds was observed
between dermatomes. This could be due to differences
in receptor density or optical and physical skin char-
acteristics. To study the effect of skin thickness on
sensory argon laser threshold an experiment was
performed on the lateral part of the leg where a total
of 45 points was investigated. The sensory argon
threshold increased linearly with the thickness (fig 2).
One millimetre increase in skin thickness, required
0 84W higher stimulus intensity to elicit the threshold
sensation. This strong dependence of skin thickness
requires the highest degree of attention when thresh-
olds are compared.
Skin reflectance To evaluate the actual reflectance
from normal and blackened skin at argon laser wave-
lengths (0-488 and 0-515 gm) a scanning reflectance
spectrophotometer was used. The reflectance from
caucasian pale skin was approximately 45% at the
argon wavelengths, and 32% for moderately
pigmented skin (fig 3). When the skin was blackened
with carbon black, the reflectance dropped to around
12% in the entire visible spectrum. If a mean
reflectance of 38% is assumed for non blackened skin
the ratio between the absorbed energy for blackened
and non blackened skin is 14. It should therefore be
expected that 1-4 times more energy was needed to
reach threshold on non blackened skin compared
with blackened, but ratios of 1-75 and 2-57 were
found indicating that other factors than reflectance
are involved.

The influence of stimulus parameters, laser type and
skin colour on thresholds
The relation between laser beam diameter, duration and
power of the stimulus The influence of stimulus
parameters on the argon laser thresholds were

initially determined for 10, 2-0, 3-0 and 5-0 mm beam
diameters, and pulse durations of 50 to 500 ms. For
all diameters the thresholds decreased logarithmically
for increasing stimulus duration (fig 4A, B). The
sensory threshold was always lower than the corres-

ponding pain threshold. The mean ratios between
sensory and pain thresholds increased for increasing
beam diameter and were 0-49, 0-54, 0 56 and 0 65 for
1-0, 2 0, 3 0 and 5-0 mm respectively. The difference
between sensory and pain thresholds became smaller
for increasing pulse duration. For 100 and 500 ms

duration the mean differences were 0-87 and 0 40 W
respectively.
The relation between laser beam diameter, duration and
energy density of stimulus The energy density was

expressed in mJ/mm2:

:3
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mJ/mm2= Power(W) x Pulse duration (ms)/Beam
diameter2 (mm2).
Higher energy densities were required for increasing
pulse durations (fig 4C, D). The threshold energy
densities decreased for increasing beam diameters.
The variability in threshold energy density was high-
est for the smallest beam diameter (1[0 mm).
When pain stimulation was performed with short

pulse durations (50 and 100 ms) and/or small beam
diameters (<2 mm) superficial burn lesions could be
observed. To avoid damage of the skin a longer pulse

3~

Lf-

(A2-

Arendt-Nielsen, Bjerring
duration (200 ms) and a larger beam diameter (3 mm)
was chosen in the following investigations. The pulses
were applied to normal hairy skin on the dorsum of
the hand in the C7-dermatome. The skin temperature
was kept constant at 33°C during the experiments.
The influence of laser type and skin colouring on
thresholds The influence of laser type and skin
colouring on thresholds was then determined for a
fixed beam diameter of 3 mm and pulse durations
varied from 50 to 500 ms. The thresholds to CO2 laser
stimulation on normal and blackened skin decreased

0 Pain threshold

Sensory threshold

ii f

I IT
100 200 300 400 500 100

Stimulus duration (ms)

I I I 1
200 300 400 500

Fig 4 The mean thermal sensory (A, C) and pain (B, D) thresholds for different argon laser pulse durations and
beam diameters expressed in power (W) and energy density (mJ/mm2). The stimuli were applied to the dorsum of
the hand in 12 subjects (16-38 years old). The vertical bars indicate the standard error of the mean. Logarithmic
curves are fitted through the points in A and B, whereas the points in C and D are fitted by linear regression lines.
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) £°2 Thresholds normal skin ( ) C02 Thresholds blackened skin
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Fig 5 The mean thermal sensory (0) and pain (0) thresholds for different laser pulse durations. The laser pulse (3
mm beam diameter) was applied to the dorsum of the hand in 12 subjects (16-38 years old). A: CO2 laser thresholds
for normal skin. B: CO2 laser thresholds for blackened skin. C. Argon laser thresholdfor normal skin. D: Argon
laser thresholds for blackened skin. The vertical bars indicate the standard error of the mean. Logarithmic curves are

fitted through the points.

also logarithmically for increasing pulse duration.
Covering the skin by carbon black did not change the
thresholds to CO2 laser stimulation (fig 5A, B). The
ratios between sensory and pain thresholds were
found to be 0-39 (C2 laser, normal skin) and 0-39
(CO2 laser, blackened skin).
Argon laser thresholds determined on blackened

skin were significantly lower than on normal skin (fig
5C, D). Argon thresholds on blackened skin were

similar to CO2 laser thresholds on normal and black-
ened skin.

In the following investigations a laser impulse of
200 ms duration and 3 mm diameter was applied on
skin with known thickness, temperature and
reflectance.
Difference in threshold between sexes The thresholds
were determined in a larger group of volunteers (30
men, mean age 32 years and 22 women, mean age 29
years). The mean sensory threshold (± SD) to argon
laser stimulation was significantly (p < 0-01, Student t
test) larger for men (0-92 + 0-27 W) than for women
(0 67 + 0-18 W). The mean pain threshold (± SD) to
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argon laser stimulation was also found to be
significantly (p < 0 025) larger for men (1-7 ± 0-38 W)
than for women (1 23 ± 0 39 W).
Intra-individual variation in thresholds For each of
the 12 volunteers five successive threshold deter-
minations were performed within one hour. The stan-
dard deviations for the sensory thresholds ranged
from 0-02 W to 017 W, and from 002 W to 012 W
for the pain threshold. The intra-individual standard
deviation were found to 0-07 W (coefficient of vari-
ation 9 3%) for the sensory threshold, and 0-06 W
(coefficient of variation 4-3%) for the pain threshold.

Discussion

Thermal thresholds - sensory and pain - have been
determined in various stimulus conditions to eluci-
date the different factors affecting the thresholds.

Influence of skin temperature on thresholds
Sensory threshold For surface skin temperatures
below 32°C the perception at sensory threshold was
described as warmth. When skin temperature
increased above 32°C the sensory threshold changed
to slight pin prick. For skin temperatures above 32°C
the threshold for warmth might not be perceived
because there is a constant firing from the warmth
receptors.'4 A slightly higher energy of the laser
impulse was then perceived as pin prick indicating
that other receptors are stimulated.
Pain threshold We suggest that the decrease in pain
threshold with increasing temperature is due to a
smaller difference between the intracutaneous
temperature and the noxious temperature. Intra-
cutaneous temperatures at 42°C to 45°C are found to
activate the polymodal nociceptors. 5 - 19
When the skin temperature was increased it became

more difficult to distinguish between pain and sensory
thresholds, because both sensations were projected
into the same tactile modality. Pain threshold to elec-
trical stimulation was also found to decrease for
increasing skin temperature20 which might suggest
that the general excitability of the receptors could be
changed by temperature.
The influence of skin properties on thresholds In a
preliminary experiment a great variation in thresh-
olds was observed when stimuli were applied to
different dermatomes. This could be due to
differences in receptor density and skin character-
istics. The skin thickness was found to be a very
important factor.

The influence of stimulus parameters, laser type and
skin colour on thresholds
Stimulus parameters The logarithmic decrease in

Arendt-Nielsen, Bjerring
sensation and pain for increasing stimulus confirm
previous findings in experiments with stimulation by
a focused tungsten bulb,2-23 and with a CO2 laser
stimulation.8 The results are similar to findings in
experiments with electrical stimulation where the
current needed to evoke the feeling of pressure
decreased logarithmically with increasing stimulus
duration.2420
The decrease in energy density for increasing beam

diameter has previously been described by Biehl et al8
who used a CO2 laser. The decrease might be expla-
ined by (1) spatial summation from receptors and (2)
a relatively greater heat transmission for the larger
diameters due to the relative decrease in radial heat
loss compared with smaller diameters.

Willer et al25 used an argon laser for threshold
detection, but found no change in energy density for
increased beam diameter (0-25 mm to I 00 mm). Biehl
et al8 found a constant threshold energy density for
increasing CO2 laser pulse duration. Using an argon
laser we found an increase in threshold energy density
for increasing pulse duration. A major part of the
argon laser light is absorbed by the haemoglobin in
the upper dermis, and part of the absorbed energy is
removed by vascular circulation in the papillary capil-
laries and in the superficial vascular plexus. For
longer pulse durations a higher amount of energy can
be removed by circulation before termination of the
stimulus, and hence a higher amount of energy is
required to reach the threshold.
Laser type and skin colouring The significant
differences in thresholds for argon and CO2 lasers
might be explained by differences in skin reflectance
for visible and infrared light. If the skin was black-
ened, the argon laser thresholds became identical to
the CO2 laser thresholds, because the main part of the
energy is absorbed superficially for both laser beams.
The visible light is absorbed by the black colour and
the infrared radiation by the water content of the
superficial skin layers.6 CO2 laser thresholds were not
affected by blackening of the skin because skin
reflectance is less than 2% for wave lengths greater
than 4 gm and independent of skin pigments.9 It has
been argued that lasers in the visible range are not
suitable as thermal stimulators, since up to 98% of
the energy may be reflected from the skin surface, and
blackening of the skin therefore is necessary.8 Using a
scanning reflectance spectrophotometric method, the
skin reflectance in the range between 488 and 515 nm
was found to vary between 32% for moderately
pigmented skin to 45% for pale caucasian skin. When
carbon black was used for blackening of the skin,
reflectance dropped to approximately 12%.
For visible argon laser stimulation on normal skin

the energy is readily transmitted to the upper
dermis" 12 and partly absorbed by the melanin in the
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Sensory and pain threshold characteristics to laser stimuli: a method with clinical application
basal epidermal layers. The remaining part is mainly
absorbed by the haemoglobin in the papillary capil-
laries and in the superficial vascular plexus, where
part of the energy is carried away by the vascular
circulation. Differences between argon thresholds on
blackened and normal skin could only partly be
explained by the differences in reflectance between
blackened and normal skin. The vascular circulation
and the infrared radiation from the heated carbon on
the skin surface may explain this discrepancy.

For argon stimulation on blackened skin the
energy is absorbed in the very superficial epidermal
skin layers and subsequently transmitted to the recep-
tor level by thermal conduction identical to the heat
conduction existing for infrared stimulation. Biehl et
al8 found the ratio between sensory and pain thresh-
olds to be 0-7 for CO2 laser stimulation with a 5 6 mm
beam diameter. We found that the ratio increased
from 0 49 for I mm diameter to 0-63 for 5 mm beam
diameters, suggesting that the beam diameter may
influence the range between sensory and pain thresh-
old.
Superficial burn lesions To avoid the very high skin
temperatures and hence superficial burn lesions we
have chosen to use an argon laser stimulus with a
pulse duration of 200 ms and a large beam diameter
(>2 mm). In previous studies short (10- 100 ms) CO2
laser pulses have been reported4'7 8 to cause burn
lesions. The CO2 lasers do more easily generate burn
lesions compared with the argon laser since all the
energy is absorbed superficially, and very high
superficial skin temperatures can arise.
Difference in threshold between sexes Sensory and
pain thresholds to brief argon laser pulses were
significantly lower for females than for males. This
difference could be explained by the in general lower
skin thickness for females than for males. The cutane-
ous pain threshold to electrical stimulation has been
described to be significantly lower for women than for
men.26
Intra-individual variability in thresholds The thresh-
old measurements were highly constant between
consecutive determinations (coefficient of variation
9 3% for sensory threshold, and 4 3% for pain
threshold). Previously CO2 laser stimulations with
larger beam diameters (9 mm), resulted in variations
of more than 20%.8 This larger variation could be
due to changes in skin temperature and/or skin prop-
erties.
Conclusion Visible argon laser light is found to be
suitable for thermal stimulation. Compared with CO2
lasers argon lasers have two advantages: (1) the argon
light can be transmitted by optical fibres, and (2) the
very high superficial skin temperatures, and hence the
superficial burn lesions can be avoided.
As a compromise the argon laser stimulus parame-

ter was chosen to 200 ms duration and 3 mm beam
diameter. Both stimuli and skin conditions could
modulate the thermal thresholds which demands
standard experimental conditions when thermal
thresholds are used for quantitative comparisons.
During controlled conditions the intra-individual
variation was very low, and the method is therefore
suggested as a quantitative clinical technique with
application in the assessment of function in the ther-
mal and nociceptive pathways and in the study of
clinical and subclinical abnormalities of thermal and
pain perception.
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Rosenfalck, Aalborg University, for very helpful
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also thank Professor H Zachariae, Department of
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