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Abstract

The morphology of cutaneous sensory and autonomic innervation in human trigeminal territory is still
unknown. The aim of this study is to describe facial cutaneous innervation using skin biopsy. This new tool
could be useful in understanding the mechanisms underlying several facial pain conditions. In 30 healthy
subjects, we quantified epidermal nerve fibers (ENFs) and dermal myelinated fibers (MFs) in V1, V2 and V3,
using indirect immunofluorescence and confocal microscopy applied to 2-mm punch skin biopsies from areas
adjacent to the eyebrow, upper and lower lip. Using selective markers, we also evaluated the distribution of
peptidergic, cholinergic and noradrenergic fibers. Facial skin appeared abundantly innervated and rich in
annexes. The ENF density decreased and the MF density increased, moving from the supraorbital to the perioral
skin. Noradrenergic sudomotor fibers were particularly and constantly expressed compared with other body
sites. Distribution of vasoactive intestinal peptide-immunoreactive (VIP-ir) fibers appeared peculiar for their
constant presence in the subepidermal neural plexus —in close contact, but without colocalization with
calcitonin gene related peptide (CGRP) and substance P (Sub-P)-ir fibers. Finally, in perioral skin samples, we
observed striated muscle fibers with their motor nerves and motor endplates. Our work provides the first
morphological study of human facial cutaneous innervation, highlighting some unique features of this
territory. Quantification of unmyelinated and myelinated fibers on 2-mm punch biopsies appeared to be
feasible and reliable. Facial skin biopsy may be a new approach with which to study and to better characterize
facial pain syndromes.
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Introduction

Skin biopsy is a minimally invasive tool used to assess sen-
sory (Kennedy & Wendelschafer-Crabb, 1993) and auto-
nomic (Kennedy et al. 1994; Donadio et al. 2006) nerve
fibers. Using this method, it is possible to describe in detail
the different sensory receptors and nerve subtypes that
populate the hairy and glabrous skin. This research has
moved the field a step forward in the understanding of the
physiology of the nervous system at its extreme periphery.
The main clinical application of skin biopsy is the diagnosis
of small-fiber neuropathy — a diagnosis which is made using
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the well standardized technique of counting the epidermal
nerve fibers (ENFs) in a 3-mm punch biopsy from the distal
leg (Lauria et al. 2010a,b). ENFs are C and A delta fiber end-
ings which are involved in thermal, mechano-, and pain per-
ception, originating in the subepidermal neural plexus
(SNP) and reaching the epidermis as free nerve endings. In
addition, A beta fibers, mostly involved in mechanorecep-
tion, end in the skin as myelinated fibers (MF) destined for
dermal corpuscles in glabrous skin and for hair follicles in
hairy skin. MF quantification, which appears reliable in
dermal papillae of glabrous skin (Nolano et al. 2003), where
these fibers show a regular and predictable pattern, is still a
challenging task in hairy skin (Provitera et al. 2007; Doppler
et al. 2012).

Skin biopsy can be applied to virtually any body area;
however, it has never been applied to the trigeminal
region. In fact, the evaluation of the trigeminal pathway
relies on neurophysiological methods such as blink reflex to
investigate A beta fibers, and laser evoked potentials (LEPs)
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to investigate A delta and C afferents (Truini & Cruccu,
2008; Cruccu et al. 2010). Importantly, the known difficul-
ties in C-LEP recording limit the applicability of this tech-
nigue (Truini et al. 2008; Cruccu et al. 2010).

We planned this study to evaluate human facial cutane-
ous innervation in the three trigeminal divisions using 2-mm
punch skin biopsies, based on the assumption that skin
biopsy of the face could yield additional information on the
different sets of sensory and autonomic fibers which is cur-
rently unattainable from routine neurophysiological investi-
gations. Moreover, this approach may improve our insight
into the mechanisms underlying several facial neuralgic con-
ditions such as trigeminal neuralgia and trigeminal neurop-
athy. For this purpose, we quantified ENF with standardized
procedures (Lauria et al. 2010a). MFs were also quantified,
applying a new and easy method which we compared with
an unbiased stereological assay (Howell et al. 2002).

Materials and methods

Subjects

We studied a cohort of 30 healthy volunteers (recruited from
among the Authors, Authors' colleagues and relatives) made up of
15 males and 15 females (mean age 58.2 + 13.7; range 24-78) with-
out symptoms or signs of neurological disease. None of the subjects
had a history of excessive consumption of alcohol. Metabolic and
endocrine disorders were ruled out by means of blood test screen-
ing (cell blood count, fasting glucose levels, glucose tolerance test,
blood urea nitrogen, alanine and aspartate aminotransferase, and
thyroid hormone levels). Subjects signed a written informed con-
sent. The study was approved by the local ethical committee.

Quantification of skin innervation

To quantify skin innervation originating from the three trigeminal
branches (ophthalmic branch or V1, maxillary branch or V2 and
mandibular branch or V3), 2-mm punch biopsies were taken imme-
diately above the eyebrow and the upper lip and below the lower
lip at the union of the outer with the middle third. A total of 48
samples were collected (18 from V1, 22 from V2 and 8 from V3).
Fourteen subjects underwent biopsies from the first and the second
branch, four from all three sites. The wound healed in a few days
without a visible scar (Fig. 1).

Skin samples were processed using immunohistochemical tech-
niques following previously described procedures (Kennedy &
Wendelschafer-Crabb, 1993). Briefly, specimens were fixed overnight
in Zamboni solution, cryoprotected in 20% sucrose in phosphate-buf-
fered saline (PBS) and cutin 50-um-thick sections using a freezing slide
microtome (Leica 2000R, Wetzlar, Germany). Free floating sections
were processed forindirectimmunofluorescence using a panel of anti-
bodies to mark neural and vascular structures (Table 1). Digital images
wereacquired usingnon-laser confocal microscopy (CARV confocal sys-
tem; ATTO Biosciences, Rockville, MD, USA and Apotome confocal sys-
tem; Zeiss, Oberkochen, Germany).

ENF density was evaluated according to international guidelines
(Lauria et al., 2010a) applying neuroLuciDa software (MicroBrightField
Bioscience, Williston, VT, USA) to four 20x z-series confocal images

Fig. 1 Wound healing in a 2-mm punch facial skin biopsy. The
wound immediately after 2-mm punch skin biopsy in the perioral
region. After 1 week the scar is hardly discernible.

(2 um x 16 increments), obtained from four randomly selected sec-
tions for each sample. To quantify MFs, and to avoid sampling bias
due to their uneven distribution in facial skin, since MFs cluster
around hair follicles, we took into account the entire dermal surface
included within 1 mm depth from the basement membrane in
three random sections for each sample. The brightness and very
low background of myelin basic protein (MBP) staining (Nolano et
al. 2003; Provitera et al. 2007) ensured a very high signal/noise ratio
and allowed MF counts on low magnification (5x) images of the
entire section. We devised the following method: a calibrated grid
(2 x 1 mm) with a series of seven equidistant parallel lines was
applied on a digital non-confocal 5x image of MBP-stained sec-
tions. All intercepts between MF and the grid lines were counted
(Fig. 2). When fiber overlapping made it difficult to identify the
number of fibers, the designated area was double-checked using
the epifluorescence microscope at a higher magnification.

The dermal area was calculated from the width of the section
measured just below the epidermal-dermal junction and the grid
depth (width x 1 mm depth), assuming that the conical shape of
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Table 1 Abbreviation, source and dilution of immunohistochemical

markers.
Manufacturer and

Antigen catalog number Dilution

Protein gene Biogenesis (Poole, UK) rabbit 1:400

product (PGP) 9.5 polyclonal #7863-0504

Vasoactive Immunostar (Hudson WI, US) 1: 1000

intestinal peptide rabbit polyclonal # 20077

(VIP)

Vasoactive Santa Cruz Biotechnology 1:300

intestinal peptide (Heidelberg, Germany)

(VIP) mouse monoclonal # sc25347

Protein gene AbD Serotec (Kidlington, UK) 1:800

product (PGP) 9.5 mouse monoclonal #7863-1004

Collagen IV (Col IV)  Chemicon (Billerica, MA, USA) 1:800
mouse monoclonal #MAB1910

Substance P (Sub P) Immunostar (Hudson WI, US) 1: 1000
rabbit polyclonal #20064

Calcitonin gene Immunostar (Hudson WI, US) 1: 1000

related peptide rabbit polyclonal #24112

(CGRP)

s100 Thermo Scientific Antibodies 1:10
(Erembodegem, Belgium)
rabbit polyclonal #RB-044-A0

Myelin basic Santa Cruz Biotechnology 1:800

protein (MBP) (Heidelberg, Germany) mouse

monoclonal #sc-58542

Dopamine B Chemicon (Billerica, MA, USA) 1:150

hydroxilase (DH)

rabbit polyclonal #AB1536

our section was an artifact, due to dermis shrinkage. We accepted
this method after comparing the results with those obtained by
manually tracing the dermal area up to 1 mm in depth in 30 ran-
domly selected sections using sterecinvesTiGATOR software (Micro-
BrightField Bioscience) and finding excellent agreement with an
intraclass correlation coefficient (ICC) = 0.97 (P < 0.001, lower 95%
Cl limit = 0.92). The limit of 1 mm of dermal depth for MF quantifi-
cation was decided upon so as to exclude from the count, motor
MF originating from the facial nerve and destined to striated mus-
cle fibers, mostly located in the deeper dermis (Fig. 3).

MF density was calculated as the number of fibers intercepting
the grid per area of dermis (intercepts per mm?). A single operator
blindly quantified all samples. Two weeks after the first measure-
ments, the same operator and a second investigator blindly
repeated the counts on 30% of samples to test intra- and interob-
server reliability. In 30 randomly selected sections, we compared the
results obtained by this method with those obtained using an unbi-
ased stereological method as gold standard. Briefly, the total length
of MF in the entire dermis volume included in 1 mm depth
(mm mm~3) was estimated using the ‘space ball’ (Fig. 2D-F) and
‘Cavalieri estimator’ probes of stereoinvesTIGATOR software (Mouton et
al. 2002; Garcia-Finana et al. 2003). Twenty 20x confocal z-stack
images were analyzed for each section.

© 2012 The Authors
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Statistical analysis

All data are expressed as mean = SD. Normal distribution of ENF
and MF density values was evaluated using the Kolmogorov—
Smirnov test. The t-test for paired and unpaired data was
applied as appropriate. The linear correlation analysis was used
to assess variable association as well as to compute the residual
error around the regression line. The ICC with 95% confidence
intervals (Cl) between intra- and interobserver repeated
measures was used to assess intra- and interobserver reliability.
A P value < 0.05 was considered statistically significant.

Results

Overall, the trigeminal skin appeared richly innervated
(Fig. 4A). The epidermis was regularly populated by thin
nerve fibers originating from a complex, vertically oriented,
subepidermal plexus (Fig. 4B,C). The dermis contained a
large number of annexes such as hair follicles (Fig. 4B), seba-
ceous and sweat glands (Fig. 4A). Hair follicles were heavily
innervated by rich populations of unmyelinated and mye-
linated fibers (Fig. 4B-D). Approaching the hair follicle and
after losing the myelin sheet, MFs repeatedly branched and
terminated with expansions that assumed a tight palisade-
like shape (Fig. 4E).

We frequently observed protein gene product (PGP)-ir
fibers accompanying the hair follicle along its entire course,
reaching the subepidermal plexus and entering the epider-
mis as free endings (Fig. 4C). In perioral samples, we occa-
sionally observed other mechanoreceptors such as
corpusculated Meissner-like receptors (Fig. 4F), Merkel com-
plexes (Fig. 4G) and Ruffini-like receptors (Fig. 4H).

Vasoactive intestinal peptide (VIP)-ir fibers were abun-
dant in the lower dermis around sweat glands, hair follicles,
vessels and along the arrector pilorum muscle. Moreover,
VIP-ir fibers were present in the upper dermis, around small
arteries located in an unusual high position and reaching
the papillary dermis. Finally, a peculiar and constant pres-
ence of VIP-ir fibers was found in the subepidermal plexus
with some fibers approaching the epidermis (Fig. 5A-C).
These fibers run close to the course of substance P (Sub-P)
(Fig. 5B) and calcitonin gene related peptide (CGRP)-ir fibers
(Fig. 5C) but without colocalization.

Fibers immunoreactive for dopamine f hydroxylase (DH-ir)
were present along arrector pilorum muscles and
around vessels and sweat glands. However, compared
with other parts of the body (Fig. 5F) DBH sudomotor
fibers showed a denser pattern (Fig. 5E) and were more
consistently present around sweat glands. CGRP and
SubP-ir fibers appeared to be particularly abundant in
the trigeminal territory, both in the dermis and in the
epidermis. Furthermore, within the dermal layers of
perioral samples, striated muscular fibers of the orbicu-
laris oris muscle appeared scattered in the superficial
dermis and organized in large bundles in the reticular
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Fig. 2 Images exemplifying the methods used to quantify myelinated fibers. In green, PGP; in red, MBP; in blue, Ulex Europaeus agglutinin A.

(A-C) Method used to quantify MF. (D-F), the unbiased stereological method used as gold standard in the field. (A) MBP/PGP/Ulex triple-stained 5x non-confo-
calimage. Myelinated fibers are in red, axons are in green and epidermis and endothelium are in blue. (B) Application of a calibrated grid (2 x 1 mm) with a
series of seven equidistant parallel lines on the same image using only the red and blue channels. (C) The area of tissue included in the square in (B) at higher
magnification. The intersections between grid lines and fibers are marked with an X. Scale bar: 400 um. (D) Distribution of virtual ‘space ball’ probes within the
tissue. (E) Intersections between the probe and the confocal optical sections. (F) Intersections between nerve fibers and the probe are marked with an X.

dermis, about 1-1.5 mm under the basement mem-
brane (Fig. 3A). Along muscular fibers it was possible
to identify motor nerve fibers (Fig. 3B) and motor end-
plates (Fig. 3B,Q).

Quantitative evaluation was performed on a total num-
ber of 336 sections (192 for ENF and 144 for MF). ENF den-
sity per mm was 23.0 £ 6.7 in V1, 20.7 +7.0 in V2 and
17.4 £ 4.5 inV3. MF density per mm? was 8.0 + 3.6 in V1,
15.9 +£ 6.5in V2 and 16.4 + 7.7 inV3 (Fig. 6A). Both ENF and
MF densities in V1 differed (P < 0.01) from V2 and V3,
whereas no difference was found between V2 and V3.
Hence, we hereafter refer to the entire area innervated by
V2 and V3 as perioral skin. ENF density decreased and MF
density increased moving from the supraorbital to the perior-
al skin. Therefore, the two nerve fiber populations showed
an opposite gradient and the ENF/MF ratio decreased from
V1 (ENF/MF = 3.2 + 1.3) to V2-V3 (ENF/MF = 1.5 + 0.9).

ENF and MF density in both supraorbital and perioral skin
correlated with age (P < 0.01 for ENF and P < 0.05 for MF).
However, no gender-related difference in ENF or MF den-
sity was observed. A correlation (P < 0.01) between V1 and
V2 ENF density was found in the 14 subjects who under-
went skin biopsy from both sites (Fig. 6B).

Our method of MF quantification yielded an ICC of 0.97
for intraobserver reliability (P < 0.001, lower 95% Cl
limit = 0.93) and of 0.96 for interobserver reliability (P <
0.001, lower 95% Cl limit =0.92). A linear regression
analysis between the results obtained with the ‘grid’
method and those obtained using the unbiased stereologi-
cal approach yielded a high correlation coefficient (r =
0.97).

Discussion

To our knowledge this is the first morphological study of
trigeminal cutaneous innervation in humans. It provides
novel information about this complex territory and a quan-
titative assessment of ENF and dermal MF in the three
divisions.

Sensory implications

In facial skin, we found a rich representation of sensory
unmyelinated fibers in the epidermis (A delta and C end-
ings) and MFs mainly directed to hair follicles, in the dermis
(A beta fibers). This rich innervation may represent the

© 2012 The Authors
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Fig. 3 Striated muscle in perioral skin. In the
reticular dermis of perioral skin, about 1—

1.5 mm below the basal membrane, evidence
of striated muscular fibers from the orbicularis
oris muscle (A) along with their motor nerve
fiber endings and endplates (B). The detail
marked with a square in B is shown at higher
magpnification in (C). (D) A motor endplate at
100x magnification. The images are taken
from the second trigeminal branch. In green,
PGP; in red, MBP; in blue, Ulex Europaeus
agglutinin A. Scale bar: 400 um (A), 65 pm
(B), 50 um (C), 20 um (D).

morphological basis for the low threshold to thermal, nox-
ious and tactile stimuli (Rolke et al., 2006), and for the eas-
ier recording of LEPs (Cruccu et al.,, 2003) in facial skin
compared with the rest of the body. However, further mor-
phological and immunohistochemical characterization of
facial cutaneous fibers may be necessary to understand
their functional peculiarities better.

The pattern of sensory innervation changes throughout
the three divisions, and particularly between the supraor-
bital and perioral regions. In fact, moving from the
supraorbital towards the more specialized perioral region,
the density of ENF decreases predictably, as shown by the
significant relationship between ENF density in V1 and
V2 (Fig. 6B). Instead, moving from V1 to V2-V3, the den-
sity of MF increased with a reduction in ENF/MF ratio.
This behavior resembles the pattern observed in the
upper limbs where the lowest ENF/MF ratio occurs in the
fingertip (Nolano et al. 2003). In this site the higher MF
density occurs in parallel with the higher density of MC
compared with proximal phalanx (Bolton et al. 1966; Car-
uso et al. 1994) and accounts for the higher tactile dis-
crimination. Similarly, in facial skin, the higher perioral
MF density (leading to a lower ENF/MF ratio) may con-
tribute to the higher tactile detection, localization and
discrimination ability of the perioral region compared
with the more peripheral areas of the face (Cruccu et al.
2003; Hung & Samman, 2009).

© 2012 The Authors
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This behavior may be related to the crucial role of the
perioral region in the highly preserved activities implied in
feeding and social interaction. In fact, although phyloge-
netically the role of the perioral region in environmental
exploration has become less important with the evolution
of the upper limb, this region remains pivotal for activities
such as speech, chewing and swallowing. Accordingly,
microneurographic studies in humans (Nordin et al. 1986;
Trulsson & Johansson, 2002) have shown that mechanore-
ceptive afferents supplying the orofacial area (hair follicle
fibers, fast-adapting receptors, and type | and type Il slow-
adapting receptors and afferent fibers) are strongly acti-
vated by mechanical stimulation due to contact between
the lips, changes in air pressure during the speech and skin
and mucosa deformations during chewing and swallowing
activities.

Autonomic implications

The autonomic innervation in the trigeminal territory dif-
fers from other body sites due to its complexity and pecu-
liarities. In particular, facial vasomotor control relies upon a
mutual interaction of three sets of nerves: cranial parasym-
pathetic, superior cervical sympathetic and trigeminal
sensory nerves (Izumi, 1995, 1999). Among the several mole-
cules involved in blood flow control (Charkoudian, 2010),
VIP (Gibbins et al. 1984; Izumi, 1999) seems to play a main
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Fig. 4 Confocal images showing the complexity of cutaneous trigeminal innervation. (A) Collage showing an entire skin section with its rich der-
mal and epidermal innervation. (B) The abundance of hair follicles. (C) High density of epidermal nerve fibers. Hair follicles, the main mechanore-
ceptors of the hairy skin, are heavily innervated by unmyelinated fibers (C) and by myelinated fibers (D) that lose the myelinated sheet in proximity
of their target, branch, and give origin to several neural expansions that envelop the hair follicle with a typical ‘tight palisade’ pattern (E). Mostly
found in perioral skin, other mechanoreceptors such as Meissner-like corpuscles (F), Merkel complexes (G) and Ruffini receptors (H), are sometimes
observed. The images are from the first (A) and the second trigeminal branch (B-H). In green, PGP; in red, collagen IV (A,B,C,F) and MBP (D,E); in
blue, Ulex Europaeus agglutinin A. Scale bar: 220 um (A,D), 200 um (B), 100 um (C,F), 50 um (E,G,H).

role in facial skin. In addition to the usual presence of peri-
vascular VIP-ir fibers in the lower dermis, we observed a con-
stant and peculiar presence of VIP-ir fibers in the upper
dermis. This superficial VIP-ir fiber contingent innervated
very superficial small arterioles and capillary loops and par-
ticipated in the sub-epidermal neural plexus, running along
CGRP and SubP-ir fibers without colocalization. This distri-

bution appears peculiar, because VIP in animal models has
only been described in the upper dermis after experimental
sensory nerve cuts (Ramien et al. 2004). Although, the exact
role of these papillary VIP-ir fibers in the human face is
unclear, they may be involved in in vasomotor control, par-
ticularly during blushing, mediating the emotional vasodila-
tion (Goadsby & MacDonald, 1985; Drummond & Lance,
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Fig. 5 Confocal images showing cutaneous autonomic innervation. (A) Collage showing VIP fiber distribution in the dermis around dermal
annexes. (B,C,D) VIP-ir fibers in the SNP, in close contact with Sub P-ir fibers (C) and CGRP-ir fibers (D). Facial noradrenergic sudomotor innervation
is consistently well represented (E) compared with non-facial body sites (F). Images are from the third (B-D) and the second trigeminal branch
(A-E) and from the thigh (F). In green, VIP (A), PGP (B), Sub P (C), CGRP (D), DBH (E,F); in red, collagen IV (A), VIP (B-F); in blue, Ulex Europaeus

agglutinin A. Scale bar: 160 pm (A), 100 um (B); 50 um (C,D); 20 um (E,F).

1987). The strong expression of noradrenergic sudomotor
nerves in facial skin, as shown by DBH immunoreactivity
(DBH-ir), may represent the morphological basis of emo-
tional sweating, as it is well known that in this territory,
sweating goes beyond thermoregulatory function.

Methodology considerations

Using a 2-mm punch, we obtained a skin sample less than
half the size of that obtained with the usually adopted
3-mm punch (3.14 vs. 7.07 mm? of skin surface). The 2-mm
punch shows several advantages that make it particularly
suitable for facial skin: a less noticeable wound, faster heal-
ing and a virtual absence of scarring. In spite of the small
sample, to count ENF we considered the epidermal length
of four instead of the standard three sections (Lauria et al.
2005).

Our approach to quantify MF proved to be satisfactory.
Despite some promising attempts (Provitera et al. 2007;
Doppler et al. 2012), quantification of MF in hairy skin is a
difficult task because these fibers are scarce and unevenly
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distributed, as mentioned earlier. Such distribution leads to
a wide variability among sections due to the inconstant
presence of hair follicles. This anatomical condition would
make it necessary to analyze several sections for each sam-
ple in order to obtain a reliable sampling of MFs. The task
appeared relatively easier in facial skin, where the rich and
constant presence of hair follicles ensured a good sampling
of MF in our specimens. The distribution of these fibers,
however, remained irregular within the same section.
Therefore, to avoid sampling bias, we enlarged our region
of interest to the whole dermis surface included in 1 mm
depth from the basement membrane of three randomly
selected sections. In fact, taking advantage of the bright-
ness of the MBP-immunoreactivity we were able to use low
magnification images.

This method, which requires a single nonconfocal
5x image, showed excellent agreement with the unbiased
stereological method which requires the analysis of 20, 20x
confocal images for each section. The agreement between
the two series of measurements indicates that, regardless of
the different spatial resolution, a reliable and accurate
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Fig. 6 Unmyelinated and myelinated fiber distribution in human facial
skin. (A) Density of epidermal nerve fibers and myelinated fibers in the
three trigeminal divisions. While epidermal nerve fiber density
decreases from V1 to V2 and V3, myelinated fiber density increases
showing an opposite gradient. ENF density is expressed in fibers
mm~', MF density in intercepts mm~2. (B) Relationship between
epidermal nerve fiber density in V1 and V2. Data from the 14 patients
who underwent skin biopsy from both V1 and V2 demonstrate a
correlation between ENF density in the two sites.

quantification of MF in facial skin may be obtained from a
single 5x image using the method we devised. Moreover,
since this method doesn’t require confocal microscopy, it is
fast and it may be easily applied to brightfield immunohis-
tochemistry.

Conclusions

Our morphological study on facial skin provides new insight
into the normal trigeminal territory that has shown unique
anatomical features. Facial skin is, in fact, hairy skin that
shares some characteristics with glabrous skin (the abun-
dance of annexes, the richness of innervation with plenty of
mechanoreceptors and myelinated afferences). We also
found neurochemical peculiarities of trigeminal cutaneous
nerves that are unobserved in other skin areas or in homol-
ogous areas of lower species.

This can be related to the adaptive changes that have
occurred in facial skin during the development of higher
functions unique to the human species and mostly

employed in communication, emotion and social interac-
tion. In this light, we can also see the complexity of the
cutaneous muscular supply. Indeed, the abundant presence
of striated muscle and somatic motor nerve fibers is an
additional peculiarity of facial skin. This anatomical charac-
teristic is the basis of facial expression, and of non-verbal
language that reaches its highest expression in humans and
contributes to their communication abilities. The possibility
of sampling striated muscle through perioral skin biopsy
(Santoro et al., 2010) further broadens its clinical applica-
tions in pathologies involving muscle, motor nerve and
motor endplate.

Finally, our study describes a tool with which to investi-
gate the pathophysiological role of cutaneous afferences in
different facial pain conditions, which are currently only
studied by means of clinical and neurophysiological testing
(Cruccu et al., 2003; Truini & Cruccu, 2008).
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