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HIGHLIGHTS

® QST allows differential testing of low threshold mechanosensitive units and different nociceptor classes.

o Differential sensitivity of nociceptors and non-nociceptors to peripheral nerve block was investigated.

® Higher concentrations of mepivacaine were required to maintain analgesic effects for 3 h.

® Test stimuli can be optimized to investigate different nociceptor classes.

e Suprathreshold response characteristics of nociceptors might help to design more specific (local) analgesics in the future.

ARTICLE INFO ABSTRACT
Article history: Background and objectives: Unmyelinated C-fibres comprise the largest group of somatic afferents and
Received 10 April 2012 have demonstrated a crucial role not only in the perception of high-threshold mechanically, thermally or
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chemically induced pain, but also in non-harmful low-threshold mechanical stimuli [1,2]. The objective
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of our study was to characterize differential sensitivity changes of C-fibre related subclasses of high-

This work is dedicated to Otto von threshold and low-threshold polymodal nociceptors and low-threshold mechanoreceptors to the local

Krusenstierna, Kungliga Tekniska anaesthetic (LA) mepivacaine during nerve block of the purely sensory lateral femoral cutaneous nerve
hogskolan, Stockholm, Sweden, a (LFCN) in human. We assumed a diverse response of different classes of afferents to the two different
warm-hearted enthusiastic scientist for concentrations of the LA mepivacaine (Scandicaine).
decennia. Methods: In a double-blind randomized experimental setting, an ultrasound-guided nerve block of the
LFCN was performed in 10 healthy male subjects, each with two different concentrations of mepivacaine
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modalities.

Results: Initial extension of anaesthetic areas at 30 min did not differ between both LA concentrations. At
180 min only the anaesthetic areas to nociceptive stimuli were reduced at the site of lower mepivacaine
injection (260 mN: 204 mm? (18; 244; median difference and 95% confidence interval; p<0.05), heat:
276 mm? (3; 305)). In contrast, no significant differences were found between the two concentration
when non-nociceptive stimuli were used (100mN: 187 mm? (4; 240), p>0.05, brush: 159 mm? (-59;
202)).

Conclusion: Equal initial sizes of anaesthesia areas for all sensory modalities can be explained by
supramaximal perineural LA molecule concentration in both administered mepivacaine dosages. Upon
washout of the LA nociceptive function is restored faster as compared to non-nociceptive sensation and
higher concentration of the LA are required to maintain the analgesia. Quantitative sensory testing is able
to detect different susceptibility of low threshold mechanosensors and subtypes of nociceptive C-fibres
to mepivacaine. Using painful mechanical, heat and electrical stimulation different classes of nociceptors
will be activated. The analgesic areas to electrical stimulation were particularly small; one might there-
fore hypothesize that the proposed protocol allows to also differentiate mechano-insensitive (“silent”)
and mechanosensitive (“polymodal”) nociceptors.
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Implications: QST is a non-invasive method to functionally examine sensory modalities and their phar-
macological modulation in humans. The method is sufficiently sensitive to differentiate the analgesic
properties of mepivacaine at 0.5 and 1% and might also be adequate to different classes of nocicep-
tors. Further development of nociceptive stimuli including supra-threshold encoding characteristics will
enable to investigate peripheral analgesic effects more specifically and thus might help to design new
analgesics with preferential effect on high frequency discharge of nociceptors.

© 2012 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction

Peripheral nerve blocks are frequently used in the diagnosis
and therapy of acute and chronic pain. There are well accepted
recommendations of local anaesthetic (LA) concentrations for use
in peripheral nerve blocks in pain medicine literature. In pre-
vious studies, as described long ago [3,4], sensory and motor
nerves reveal certain susceptibilities to mechanical lesions or pres-
sure, but also to drugs like cocaine, according to their different
anatomical characteristics. Nowadays somatosensory analyses can
be performed by standardized techniques of quantitative sensory
testing (QST), which have been established recently for patients
with neuropathic pain [5,6]. Furthermore, microneurography per-
mitted further functional differentiation of different C-fibre classes
(polymodal nociceptors vs. mechano-insensitive “silent” nocicep-
tors and sympathetic efferents) in human skin. It is of particular
importance, that nociceptor classes defined by their sensory sen-
sitivity reveal characteristic differences of their axonal conduction
characteristics [7-9] suggesting differential axonal expression of
ion channels and pumps involved in action potential generation;
among other mechanisms slow inactivation of the voltage depend-
ent sodium channel Na,1.8 has been suggested to underlie the
key differing feature, i.e. activity dependent slowing of conduction
velocity [10].

A complete functional characterization of different nociceptive
modalities during nerve block being used frequently in diagnos-
tics of neuropathy has not been described before. However, it is
essential to know the functional pattern of a nerve block and its
concentration dependency, in order to develop future pain man-
agement strategies for chronic pain patients [11-13].

The objective of this study was to identify temporal and dose-
dependent sensory characteristics of a mepivacaine-induced block
of low thresholds mechano-sensitive afferents and nociceptor sub-
classes by using QST examination techniques [8]. For functional
testing, the lateral femoral cutaneous nerve (LFCN) innervating the
upper and outer thigh was selected for blockade as it is a purely
sensory nerve, it is easily accessible, and it has a large innervation
territory. We hypothesized that nociceptors would have a higher
susceptibility to mepivacaine based on its preferential block of
nociceptor-specific sodium channel Nav 1.8 [10,14]. Specific anal-
gesic and anaesthetic characteristics for different C-fibre subtypes,
such as duration of hypoesthesia and hypoalgesia and differences
in size of anaesthesia areas, should be observed.

2. Methods

The study had been approved by the Institutional Review
Board (“Mannheim Medical Faculty Ethics Committee”) conform to
international ethical standards. All participants provided written
informed consent in accordance with the Declaration of Helsinki
prior to participation. Participants were scanned for health risks to
exclude any central or peripheral neurological deficits. Ten healthy
Caucasian male subjects of similar age, height, and weight par-
ticipated in this experimental study. The mean (SEM) age of the
participants was 30.9 &+ 6.3 years (range 22-36 years). Height and
weight expressed as mean + standard error of the mean (SEM) were
180.6 + 1.9 cm and 74.6 + 8.4 kg, respectively.

2.1. Study design

This study was designed as a double-blind randomized study.
Syringes with LA, containing 1% or 0.5% mepivacaine, were
prepared and blinded by a study nurse. Mepivacaine (Scandi-
caine, AstraZeneca, UK) was chosen because of its fast onset
and short-acting properties. Mepivacaine 1% is a commonly used
concentration in clinical practice. In our study, we divided this
concentration by half (0.5%) to provoke distinctive changes of con-
duction properties in nociceptors detectable by QST techniques.
The study nurse kept track that each subject received a nerve block
of the LFCN with the higher LA concentration (n=10) in one leg in
one session and the lower LA concentration (n=10) in the opposite
leg in another session. Order of the application of the two LA con-
centrations was randomized. The physician conducting the nerve
block, the subjects themselves, and the examiner were blinded to
the two different concentrations. All blocks were applied by the
same investigator who had substantial expertise in this regional
anaesthesia technique.

2.2. Ultrasound-guided nerve block of the lateral femoral
cutaneous nerve (LFCN)

This study was conducted with a commonly used ultrasound
device (Acuson X150, Siemens, Germany) helping to identify the
anatomical structures surrounding the LFCN and, thereby, allow
exact positioning of the needle near the nerve [15].

By using an 11.4 MHz linear ultrasound probe approximately
1 cm distal to the anterior superior iliac spine, the sartorius muscle
was identified as a triangular shaped muscle, serving as a guidance
structure for the LFCN. A G27-needle was inserted parallel (out-
of-plane) to the ultrasound probe in between the two sartorius
fasciae by which the lateral femoral cutaneous nerve is enwrapped.
The location of the needle could be visualized and followed on the
screen of the ultrasound device.

A total volume of 3 ml mepivacaine was injected into the area of
interest. The injection volume was continuously visualized by ultra-
sound as it spread between the fascia sheets of the sartorius muscle
anatomically surrounding the LFCN. On the ultrasound screen, a
lenticular shaped black cavity representing the injected fluid could
be recognized upon LA injection, pushing the upper and lower fascia
sheet apart.

After successful installation of the peripheral nerve block, the
subjects were prepared for QST.

2.3. QST and sensory mapping

Standard tools for QST were utilized to measure the
mepivacaine-induced sensory deficits after nerve block including
pinprick, brush, painful electrical and painful heat stimuli [5,16,17].
Anaesthetic areas were assessed for the different stimuli during
three time intervals: 30, 180, and 300 min after the injection of
the LA. The borders of the anaesthetized areas were marked using
different colours for the sensory qualities and diverse symbols
for the three time intervals, conforming to the method of “sen-
sory mapping” [17] (specimen in Fig. 1). The following colour
coding was used: 100 mN pinprick =black, 260 mN pinprick =red,
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Fig. 1. Colour coding was used to differentiate sensory nerve fibre qualities (100 mN
pinprick: black, 260 mN pinprick: red, brush: green, electric stimulation: blue, heat:
purple) and symbols represent time points (dashes=30min, circles=180min, tri-
angles =300 min after nerve block application). The obtained sensory maps were
copied to a transparent sheet and scanned in by a computer scanner. Anaesthetic
areas for each sensory quality and time point were measured off-line by a DICOM
computer program (OsiriX, Apple) and transferred to a chart where they could be
statistically analyzed.

brush=green, electric stimulation =blue, heat=purple. Addition-
ally, symbols helped differentiate between different time intervals:
dashes=30min, circles=180min, triangles=300min after nerve
block application (see Fig. 1).

In preparation for this study, several trial sessions of methodol-
ogy had taken place in the original setting of the study during which
the examiner became entrusted with the QST equipment under
supervision of QST-experienced medical staff. According to the rec-
ommendations of the German Research Network on Neuropathic
Pain (DFNS), subject’s eyes were closed throughout measurements,
while the examiner used exactly the same wording for instructions
and the same manner of conducting the tests in all subjects [6].
The examiner performing the sensory mapping was blinded to the
concentration used for the nerve block.

2.3.1. Pin prick stimulation

Von Frey’s hairs (Touch Test Sensory Evaluator, North Coast
Medical, Morgan Hill, USA) were used for punctate mechanical
stimulation. First, a 260 mN stimulus was applied to the unaffected
skin, peripherally of the anaesthetized area of the LFCN, where
subjects reported a clear needle-like pin-prick sensation. This
enabled subjects to compare stimulus perception with and without
anaesthesia. The participant was then instructed to report each pin-
prick sensation during testing. The 260 mN pin-prick stimuli were

applied at about 1 Hz and moved in steps of 0.5 cm from the unaf-
fected skin region towards the centre of the anaesthetized area. The
test site at which the subject registered a change of pin-prick sensa-
tion was marked with a marking pen. This procedure was repeated
until a circular skin area evolved mapping the area anaesthetic to
the test stimulus. The sensory mapping procedure was repeated
in exactly the same manner during a second testing session
with a non-pricking 100 mN nylon filament which produced an
intense static touch sensation. C-fibre afferents start respon-
ding to subjectively non-painful mechanical stimuli of 50 mN and
higher [8]. By using two different intensities of pin-prick high-
threshold and low-threshold polymodal nociceptors should be
tested.

2.3.2. Dynamic touch stimulation

As recommended in QST protocols [17], brushing stimuli were
applied centrifugally by a calibrated soft brush (Somedic, Sweden)
with test strokes given at about 1 Hz and in steps of 0.5 cm from the
centre towards the outskirt of the anaesthetized area. The spots at
which strokes were first perceived were marked. This stimulus is a
test for rapidly adapting low threshold A-fibres, albeit also C-tactile
afferents were activated [18].

2.3.3. Electrically induced pain

A pointed electrode (9 mm diameter) was connected to a con-
stant current stimulator (DS7A Digitimer Ltd., Welwyn Garden
City, UK) triggered by a pulse generator (Rimkus Medizintech-
nik, Parsdorf, Germany). Electrical stimulation was applied with
constant current pulses (5 mA, 0.5 ms, 1 Hz) from centre to periph-
ery and provoked a sharp superficial stinging pain in normal
skin. As described above, the skin area first perceiving electrically
evoked stinging pain by high-threshold nociceptors was mapped
and marked on the skin.

2.3.4. Heat pain

In the anaesthetized area of the LFCN, the responsiveness to
a heat stimulus was examined. A surface thermode (MSA Ther-
mal Stimulator, 9 mm x 9 mm, Somedic, Sweden) was heated to
45 °C, beyond the thermo-neutral range (31-36°C) [19]. In steps of
2 cm, the thermode was moved from the non-anaesthetized area
at the edge of the LFCN-supplied thigh area towards the numb
area. The skin area insensitive to heat-evoked pain mediated by
heat-sensitive polymodal nociceptors was mapped and marked.

2.4. Off-line measurements of the anaesthetized areas

All sensory nerve fibre qualities of the LFCN were tested for
function in each subject 30, 180, and 300 min after the injection of
mepivacaine. Colours were used to differentiate the tested sensory
nerve qualities (100 mN and 260 mN pin-pricks, brush, electrical
pain and heat pain).

The assessment of each time interval (30, 180, 300 min) took
approximately 30 min. Mapping of pin-prick sensitivity and for
electrical stimuli was straight forward and took about five minutes;
differentiation of temperature and brush strokes was more difficult
for the subjects and thus mapping took about 10 min. The order of
sensory stimuli in the QST protocol was kept identical between the
sessions. The completion of all three testing sessions took approx-
imately 6.5 h for each individual altogether. Finally, after all three
sessions had been completed, the marks on the thigh of the sub-
ject resulted in a “sensory map” which was copied by hand to a
transparent sheet and then scanned in with a computer scanner
at 300 dpi. Additionally, a digital photo was taken for documenta-
tion. Anaesthetic areas for each sensory quality and time point were
measured off-line by a DICOM computer program (OsiriX, Apple)
and their values were listed in a chart.
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2.5. Data evaluation

All data were analyzed using adequate statistical software
(Statistica 6.0, StatSoft, Tulsa, USA). Significant effects on the size
of the anaesthetic area were calculated by repetitive measures
analysis of variance (ANOVA) with the grouping variables “LA con-
centration”, “sensory test” and “time of assessment”. To identify
significant differences of the time course of the LFCN blockade,
Wilcoxon’s matched pairs tests were used as post hoc tests to
analyze differences in the areas of the anaesthetic zones in the
time intervals 30 - 180 - 300 min (“time of assessment” Also,
Wilcoxon’s matched pairs tests were used to identify significant
effects of the employed sensory tests (“100 mN” - “260mN” -
“brush” - “heat” — “electrical pain”) on the anaesthetic areas in the
time intervals 30 - 180 - 300 min. Significance levels were set at
p <0.05 and data are depicted as medians (25 and 75 percentiles)
with 95% confidence intervals.

3. Results

We aimed to identify nociceptive differences in the time course
of the nerve fibre block and in dependence of the two concentra-
tions of administered local anaesthetic (LA). Data of twenty LFCN
blocks, half of them with 1.0% and the other half with 0.5% mepi-
vacaine, were assessed and analyzed for different QST results (see
Fig. 2).

Temporal axonal characteristics were tested by assessing the
area of anaesthesia at three time intervals (30, 180, and 300 min
after nerve block). We analyzed whether a concentration change
of LA altered the course of time. ANOVA analyses revealed a
time-dependency of peak anaesthetic areas for all fibre functions
(p<0.0005). Maximal spreads of anaesthetic areas were recorded
at 30 minutes after nerve block initiation, followed by consider-
able decreases of anaesthetic area sizes at 180 minutes (see Fig. 2).
At 300 min after nerve block initiation only 30% of subjects with
0.5% and 30% of volunteers with 1.0% mepivacaine had measurable
areas for mechano-sensitive polymodal C-fibres (pin-prick, brush),
and about 10% of subjects showed measurable areas for heat and
electrical stimuli (not shown in Fig. 2).

The effect of LA concentration change on different nociceptive
modalities was tested and indicated a significant impact (p = 0.044,
ANOVA). Even though at 30min no significant differences of
the registered anaesthetic areas were analyzed between con-
centrations and modalities (p>0.616, ANOVA), dose-dependent
differences were found between nociceptive and non-nociceptive
stimuli after 180 min. In particular, nociceptive fibres responsive
to high-threshold pain stimuli (260 mN and heat) proved to be
more sensitive to dosage changes of LA (p=0.028, median dif-
ference () between concentrations with 95% CI 204.25 (18.16;
244.23) (260 mN), and p=0.028, 1+t =276.04 (3.59; 305.64) (heat),
Wilcoxon’s matched pairs test, see Fig. 2A and B with 95% confi-
dence intervals (CI)). The mean values of electrical pain stimulation
showed no significant differences (see Fig. 2C) (p=0.093, 7 = 152.23
(=50.09; 312.68) (5mA), Wilcoxon’s matched pairs test) and
showed the highest distribution of values (range 0; 714.11 cm?2).
Somatosensation to low-threshold stimuli (100mN and brush)
showed no significant changes of anaesthetic areas in response to
the LA dosages (p=0.051, w=186.97 (4.33; 240.08) (100 mN) and
p=0.086, u=159.17 (-59.69; 202.31) (brush), Wilcoxon’s matched
pairs test) (see Fig. 2, D+E, including 95% CI). Noteworthy, heat sen-
sitive nociceptors showed a pronounced change of area size in time
dependant on LA concentration when compared to the other noci-
ceptive qualities (p[time x concentration (heat)]=0.039, ANOVA)
(see Fig. 2C). The observed impact of the LA blockade on the sen-
sory modalities, e.g. C-fibre-mediated nociception and touch (Fig. 2)
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Fig. 2. Dose-dependent functional changes of the anaesthetic areas after injection
of mepivacaine (0.5% vs. 1%) performed with QST. High-threshold nociception con-
duction nerve fibres show significantly smaller anaesthetic areas established with
lower mepivacaine dose (A and C), whereas in low-threshold axons (D and E) and
electrical stimulation (B) dose alterations did not reveal significant size changes
in anaesthetic areas (p <0.05, ANOVA). Boxplots present medians and 25 and 75
percentiles; limits refer to 95 confidence intervals.

may encourage future research to further differentially explore the
clinical behaviour of particular subsets of sensory skin afferents to
help define pharmacological profiles of analgesia.

4. Discussion

In our study blockade of the LFCN was successfully used to assess
functional sensitivity changes of different subclasses of nocicep-
tive C-fibres during anaesthesia with mepivacaine in humans. By
using two different dosages of mepivacaine - a frequently used
and well-known sodium channel blocker - we could show differ-
ent sensitivity of high-threshold (heat and 260 mN pin-prick) vs.
low-threshold nociceptive nerve fibres (100 mN pin-prick, brush)
[11-13].

In this study, sensory testing of receptive endings in the skin
was linked to axonal application of local anaesthetics which might
appear inappropriate at first glance. However, there is a surpris-
ingly tight link between axonal characteristics of primary afferent
fibres and their sensory function: activity dependent slowing of
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conduction can be used to differentiate polymodal nociceptors,
silent nociceptors, cold nociceptors and sympathetic efferent fibres
[7-9]. Thus, we hypothesized that based on the axonal conduction
differences also responsiveness to local anaesthetics might differ
between fibre classes.

The results demonstrate that both concentrations of mepi-
vacaine result in a comparably large initial anaesthetic area.
Therefore, both concentrations were initially high enough to com-
pletely block conduction (supramaximal dosage), and resulted in
comparably maximal anaesthetic areas. A faster decline of high-
threshold nociceptive responses for the (low) 0.5% concentration
of mepivacaine can be explained by pharmacokinetic features with
a half-life of mepivacaine of about 1.9-3.2 h [20]. Selectively exam-
ining mechano-sensitive and mechano-insensitive nociceptors, the
two concentrations did not differ significantly in their anaes-
thetic effects despite the assumed differences in axonal sodium
channel expression in these nerve fibres [7]. However, a more
sensitive response to concentration alteration could be seen in
high-threshold nociceptors vs. low-threshold nociceptors, which
indeed could be due to different axonal sodium channel expression.
A non-significant wide-ranged response of nociceptors reacting to
electrical stimuli could be explained by insufficient strength of the
stimulus regarding the nociceptive activation threshold of high-
threshold mechano-insensitive nociceptors in several subjects [8].

Different sub-types of sodium channels have been character-
ized in the somata of thin afferent axons with respect to their
sensitivity against the buffer fish venom tetrodotoxin (TTX), being
either TTX-sensitive or TTX-resistant. Expression of TTX-resistant
sodium channels is generally higher in nociceptors, and thus, a
lower sensitivity of TTX-resistant sodium channels to mepivacaine
could explain our results [21-24]. Among the subtypes of voltage-
gated sodium channels, Na, 1.7, Nay 1.8 and Na, 1.9 play crucial roles
in nociception and chronic pain. However, IC 50 values for static
and use-dependent block by mepivacaine did not differ consider-
ably between TTX-resistant and other voltage-dependent sodium
channels [25,26]. Yet, recent results suggest a preferential block of
nociceptor-specific Nay1.8 by mepivacaine [14] which would pre-
dict a higher susceptibility of certain nociceptor-subtypes carrying
a larger number of this channel to mepivacaine.

A distinct distribution of voltage-gated sodium channels with
a lower density in nociceptive C-fibre afferents might be another
explanation for the observed differences in mepivacaine sensitiv-
ity. Upon injection, a high concentration of the LA will reach the
membrane and bind to sodium channels. The non-bound fraction
will be prone to wash-out, whereas the bound fraction will provide
a reservoir of LA. This reservoir will be similar for the two con-
centrations as both are supposed to be supra-maximal. The faster
decline of tissue concentrations for the 0.5% mepivacaine might be
more relevant for conduction of C-fibres that possess a lower num-
ber of sodium channels (or a different expression pattern) being
bound by LA-molecules in the preliminary LA flooding. The corre-
lation between morphology of dendritic arborisations in diverse
C-nociceptors and their distinct expression in number and type
of voltage-gated ion channels are subject of on-lasting intense
research [27]. Low-threshold A-fibres might also contribute to the
perception of low-threshold nociceptive stimuli where a reser-
voir of the LA can be built up at the nodes of Ranvier and explain
the less pronounced concentration dependency for the myelinated
fibres.

We found functional differences between nociceptors and low-
threshold mechanosensitive fibres by using QST techniques in a
reversible sodium channel block of the LFCN. There was a simi-
lar onset of the block in the different fibre types, yet the reversal
was faster in the nociceptors. In particular, polymodal nocicep-
tors tested by heat stimuli were more sensitive to concentration
changes of the LA.

We did a proof-of-principle study demonstrating pharmacolog-
ical differences between two concentrations (0.5% and 1%) of the
commonly used LA mepivacaine using quantitative sensory test-
ing. Understanding the effect of local anaesthetics on particular
sub-classes of primary afferent nociceptive neurons including new
neurophysiological targets could help define pharmacological pro-
files of analgesics and, thus, improve efficacy of its use in pain
therapy in the future. Several mechanisms of action have to be
taken into consideration explaining the different profile of C-fibre
afferents including sodium channel subtype physiology and distri-
bution. Fibre type-specific axonal expression of sodium channels
might provide selective targets for new analgesics that preferen-
tially block nociceptive responses. The combination of non-invasive
method of QST, axonal application of compounds and fibre type
specific sensory stimuli can be an effective and easy-to-use test
method in humans.
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