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Abstract The understanding of the course of the facial
nerve and its relationship to the different connective tissue
layers in the temporal area is paramount to preserving this
nerve during surgery. But the use of different nomencla-
tures for anatomical structures such as for the different
fascial layers or fat pads in the temporal region as well as
the difference in description of the course of the fronto-
temporal branches of the facial nerve in relationship to the
fascial layers can lead to confusion. Therefore we have
reviewed the literature about this topic and tried to apply
the information to practical anatomical dissection.

Keywords Facial nerve - Temporal muscle -
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Introduction

The course of the fronto-temporal branches of the facial
nerve, which innervate the frontal belly of the frontalis
muscle, the orbicularis oculi and corrugator supercilii
muscles, was described by the senior author 22 years ago
with the proposition of an interfascial dissection technique
to protect the nerves during pterional craniotomy [57, 58].
The development of skull base approaches for middle and
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anterior cranial fossa lesions with wider exposures, includ-
ing partial removal or mobilization of the orbit or the
zygomatic arch made protection of the fronto-temporal
branches of the facial nerve a bigger issue [3-5, 12, 29, 47,
55]. Moreover, the advances in plastic, reconstructive and
maxillofacial surgery have improved the understanding of
the relationship between the different fascial layers and the
nerves in the temporal region [2, 9, 20, 21, 45, 53, 56].

A clear understanding of the course of the facial nerve
and its relationship to the different galeal-fascial layers is
paramount to preserve this nerve during surgery. But the
increase in information has led to more confusion than
clarification regarding this topic as we had to realize
during an anatomical dissection course for residents and
fellows at our institution. The different nomenclatures
used for anatomical structures such as for the different
fascial layers or fat pads in the temporal region, as well
as the difference in description of the course of the
fronto-temporal branches of the facial nerve in relation-
ship to the fascial layers, have led to us to review the
literature about this topic and to compare the findings
described in the literature with the results gained during
our course.

Materials and methods

For the anatomical nomenclature, we followed the “‘termi-
nologia anatomica” drawn up by the Federative Committee
on Anatomical Terminology (FCAT) in 1998 [16]. In a first
step we reviewed the literature about the anatomy of the
fascial layers and the course of the fronto-temporal branch
of the facial nerve in the temporal region as well as the
vascularization and innervations of the temporalis muscle.



Neurosurg Rev (2007) 30:8-15

In a second step we dissected 15 cadaver heads fixed in
Carolina’s perfect solution® (Carolina Biological Supply
company, Burlington, NC) in order to compare the
literature findings with our dissections. Arteries and veins
were perfused with colored latex to enhance their visibility.
Following the program of our microsurgical anatomy
course, a pterional craniotomy was performed in 15 sides
and an orbitozygomatic craniotomy on the other 15. The
preauricular incision was extended all the way down to
the neck to identify the facial nerve at the level of the
stylomastoid foramen and its cervico-facial, and especially
temporo-facial trunks. The soft tissue was dissected layer
by layer under an operating microscope using 6x to 40x
magnification. To facilitate understanding of the relation-
ship and the continuity of the structures, we compared the
findings of the different layers above the temporal muscle
(scalp) with the layers over the muscle just above the
zygoma (temporal region).

Literature review

One possible explanation for the inconsistency in reports
about the anatomy in the temporal region is probably due to
the fact that different preservation techniques of cadavers
were used. It is known that fixation of cadavers with
formalin distort connective tissue [36]. There is not only a
change in color of the tissue but also a change in
consistency, which may make differentiation of different
layers more difficult [1].

Scalp

There is general agreement that the scalp consists of five
concentric organized layers [2, 31, 53, 54].

Skin and subcutaneous fibro-adipose tissue

These two layers are considered together as they are
normally not separated during surgery. The subcutaneous
fibro-adipose tissue contains the hair follicles and sweat
gland located right beneath the dermis. A network of
connective-tissue fibers attaches the subcutaneous layer to
the epicranial aponeurosis [53].

Epicranial aponeurosis

This layer is also called galea aponeurotica or musculo-
aponeurotic layer [53]. It consists of the paired occipito-
frontalis muscles and the auricular muscles connected
through the galea. When the epicranial aponeurosis moves,
the subcutaneous fibro-adipose tissue and the skin
connected to it move with it.

Loose connective (areolar) tissue

The loose connective (areolar) tissue is also called
subgaleal fascia [9, 11, 53, 54], innominate fascia [2, 10,
39, 52] or subaponeurotic plane [1]. It is between 1 and
3 mm thick and can histologically be divided in several
laminae of different vascularization [2, 9, 31, 53, 54]. These
very thin layers, compared to a “mille-feuille-cake” by
some authors, glide over one another, leading to the
mobility of the scalp [1, 14].

Pericranium

This last layer is the periosteum of the skull to which it is
firmly attached, especially along the sutures.

Temporal region
Skin and subcutaneous fibro-adipose tissue

There is no difference in these layers compared with the
anatomy of the scalp.

Temporoparietal fascia

This fascia is also termed superficial fascia [11] or
superficial temporal fascia [1, 30, 32, 55, 56], which is
confusing as this fascia has nothing to do with the temporal
muscle and also extends backward onto the parietal region
[1]. It is well accepted that the temporoparietal fascia is part
of the superficial musculoaponeurotic system (SMAS) and
that it is in continuity with the epicranial aponeurosis [1, 2,
8, 13, 19, 22, 31, 35, 36, 47, 50, 52-54, 56]. Whether it is
continuous with the SMAS of the face is discussed
controversially, as even histological cuts show different
results [2, 22, 52]. But in most macroscopic dissections it is
described as continuous [1, 8, 19, 35, 50, 54]. The
temporoparietal fascia can be divided in two laminae [28,
52]. Also Salas et al. showed in the lowest histological cut,
a separation of the fascia with fat lying in between [47].
The outer lamina joins the SMAS and the inner lamina
merges with the loose areolar tissue in the most caudal
portion [52]. Gosain was the only one who reported that the
whole temporoparietal fascia fuses 1 cm above the zygoma
with the superficial layer of the temporal fascia without
connectivity to the SMAS [22].

Loose connective (areolar) tissue
This layer is not well described or missing in most of the
neurosurgical literature [5, 12, 58], although it is used by

plastic surgeons as flap [9, 11, 37, 53]. Following it toward
the zygoma, this plane gets fattier and lost along a curved
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line between the supero-lateral border of the orbit and the
zygomatic arch [47]. At the same place, the temporoparietal
fascia is adherent to the superficial layer of the deep
temporal fascia [47, 52]. This adherence is also described as
inferior temporal septum lying in average 27 mm above the
zygoma at the level of the frontal process of the zygoma
and 21 mm above the superior border of the zygoma at its
midportion [36]. Behind this septum the continuity of the
loose areolar tissue is an adherent, fatty fibrous system or
compartment with a variable amount of adipose tissue
between the temporoparietal fascia and the temporal fascia
[36, 47].

Temporal fascia

This dense, tough and uniform layer is also called deep
temporal fascia [1, 30, 47, 56]. Ammirati et al. call it
superficial temporal fascia, which is very confusing, and
they mention that the deep temporal fascia is nothing else,
but a loose connective tissue that envelopes the temporalis
muscle, a structure they do not show in their illustrations
[5]. The temporal fascia is attached to periosteum at every
margin [1]. Cranial to the superior temporal line, it blends
or is in continuity with the pericranium. Caudal, it splits
into two layers approximately 2—3 c¢cm above the zygomatic
arch called superficial and deep laminae, confusingly
named by some authors superficial and deep temporal
fascia [12, 29] or superficial and deep layer [55]. This is,
therefore, above its adherence to the temporoparietal fascia
(inferior temporal septum) [36].

The superficial and deep laminae fuse again superior to
the zygomatic arch [44]. Huang et al. showed by histolog-
ical cuts a fusion of the laminae at the superior margin of
the zygoma (56%) or at its superolateral surface (44%) [25].
This is in contrast to other reports stating that the superficial
lamina attaches to the lateral and the deep lamina to the
medial surface of the zygoma [12, 18, 30, 47, 51, 55, 58].
Campiglio showed that the laminae fuse in the anterior and
posterior part superior to the zygoma and are still separated
in the middle part [8].

Temporal muscle and periosteum

These two layers are considered together as they are in
close contact. The muscle is composed of a main portion
and three bundles (anteromedial, anterolateral and middle
lateral) [29]. The main portion originates from the temporal
fossa and converges to a thick aponeurosis inserting at the
coronoid process. The anteromedial bundle, arising from
the infratemporal crest, inserts at the anterior aspect of the
anterior ramus of the mandible [29]. The innervation of the
temporal muscle is provided by three different motor nerve
branches of the anterior trunk of the mandibular nerve
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(anterior and posterior deep temporal nerves and temporal
branch of the buccal nerve) [7, 23, 29]. They run superiorly
to the periosteum after exiting the foramen ovale running
over the infratemporal crest entering the muscle in its
center. The periosteum is the extension of the pericranium
between muscle and bone [31].

Fat layers

As there are no defined names for the different fat layers in
the temporal region, the nomenclature is very confusing
[2, 5,8, 12, 29, 30, 51, 55, 58].

The only fat layer upon which everybody agrees is the
subcutaneous fibro-adipose tissue.

The fibro-fatty tissue (the extension of the loose areolar
tissue) between the temporoparietal fascia and temporal
fascia [36, 47], just caudal to the inferior temporal septum
[36], is called suprafascial fat pad [12], subgaleal fat pad [5]
or superficial temporal fat pad [2, 8, 44].

The fat layer between the deep and superficial laminae of
the temporal fascia is called the superficial temporal fat pad
[30, 47, 50, 51], middle or intermediate fat pad [2, 8, 44],
intrafascial fat pad [5], interfascial fat pad [12] or temporal
fat pad [55]. The most consistent name is the deep
temporal fat pad for the fat under the deep lamina of the
temporal fascia, which envelops the temporal muscle
tendon and is in continuity with the buccal fat [2, 30, 47,
59]. But there are other names like subfascial fat pad [12],
buccal fat [55] or just deep fat pad [5, 8].

Vascular supply of the temporal region

Various reports describe the vascularization of the temporal
region [7, 11, 15, 27, 29, 32, 34, 37, 41].

The superficial temporal artery, the terminal branch of
the external carotid artery, runs between the two layers of
the temporoparietal fascia [52] or if considered as one layer
within the fascia and its continuity the galea. It divides into
a frontal and parietal branch. This bifurcation normally lies
above (60—-80%) or over (10-30%) the zygomatic arch and
rarely (<10%) below it [32, 34, 41, 49]. 64% of the
bifurcations lie higher than a horizontal line through
the superior orbital rim [32], on average 31.7 mm above
the zygoma [34]. Both branches are relatively equal in
diameter [41, 49]. The superficial temporal artery supplies
predominately the scalp, and in the temporal region, the
superficial layers down to the loose areolar tissue [11, 37,
39, 41, 53, 54]. But there are also 3—6 “perforators” to the
temporal muscle [15].

The middle temporal artery originates from the superfi-
cial temporal artery below the zygomatic arch, ascends
superficial to the arch piercing the superficial lamina of the
temporal fascia near the upper insertion of the ear [7, 15,
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29]. It mostly supplies the posterior and in 25% the
posterior and upper part of the muscle resulting in a mean
muscle supply of 19% [7].

The anterior and posterior deep temporal arteries
originate from the maxillary artery anterior to the coronoid
process and enter the anterior part of the temporal muscle
[7]. Around the coronoid process there also exist direct
perforators from the maxillary artery [15]. The anterior and
deep temporal arteries, main supply for the temporal
muscle, run between periost and muscle, making them
vulnerable during muscle detachment from the bone [7, 29].

Zygomaticotemporal nerve

The zygomaticotemporal nerve is a branch of the zygomatic
nerve originating from the maxillary nerve. It emerges
through the zygomaticotemporal foramen and pierces the
deep lamina of the temporal fascia adjacent to the
zygomaticofrontal suture [26, 30, 36]. Then it divides into

multiple branches running parallel to perforating vessels
originating from the middle temporal artery [30]. Then the
branches cross the superficial lamina of the temporal fascia,
cross the fibro-fatty tissue and pierce the temporoparietal
fascia to supply the skin over the temporal region [26, 30,
36].

Facial nerve

Soft-tissue landmarks (auricle, lateral aspect of the eye-
brow) were classically described indicating an anatomical
relationship for predicting the course of the temporal branch
[18, 42], but these measurements are variable [20]. Most
authors identified between two and five rami of the
temporal branch crossing the zygomatic arch [6, 17, 21,
28, 38, 40]. The rami can be further divided into anterior,
middle and posterior, with the middle ramus only seen in
66% [21, 28]. They cover 62% of the total length of the
zygomatic arch and start to cross the inferior aspect of the

Fig. 1 (a) Cut at the level of the scalp showing the skin (S), subcu-
taneous fibro-adipose tissue (SFAT), epicranial aponeurosis (EA) and
loose areolar tissue (LAT). (b) Over the temporal area the loose
areolar tissue can be raised as a thick layer over the temporal fascia
(TF). (¢) The area where the loose areolar tissue (LAT) is replaced by
fibrous tissue and attached to the temporal fascia (TF), also called

inferior temporal septum. The fibers of attachment can be incised.
Behind one will find fibro-fatty tissue (FFT), the continuity of the
loose areolar tissue. (d) In the FFT one will find the fronto-temporal
branches of the facial nerve (FTB). The superficial lamina (SL) of the
TF can be incised showing the deep lamina (DL) and the superficial
temporal fat pad (STFP) lying in between these two layers
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zygoma, 10 mm anterior to the external acoustic meatus
[21]. The fronto-temporal branches are described to be the
most superficial branches of the facial nerve [45]. The
temporal hairline was also thought be a landmark with
the area behind it to be safe for dissection [18], but this has
not been confirmed [46].

Distal to the parotid gland the fronto-temporal branches
become gradually more superficial [45]. At the level of the
zygomatic arch the fronto-temporal branches cross in the
fibro-fatty layer underneath the temporoparietal fascia [1, 8,
36, 47]. Superior to the zygomatic arch the fronto-temporal
branches are described to run within the temporoparietal
fascia [8, 28, 33, 46, 47, 51, 55]. Ammirati describes its
courses in the loose areolar tissue and he is the only one,
who mentions some branches running through the superficial
temporal fat pad [5]. Unfortunately he shows no anatomical
picture of these branches, which could be branches of the
zygomaticotemporal nerve. With serial histological sections
Salas showed that the fronto-temporal branches have a
different relationship to the temporoparietal fascia along their
course [47]. Superior to the line where the temporoparietal
fascia is attached to the temporal fascia (inferior temporal
septum [36]), the branches run within the temporoparietal
fascia [8, 47]. Below this line they run in the fibro-fatty
tissue, the extension of the loose areolar tissue [47].

Fig. 2 (a) The relationship of the facial nerve (FN) with the super-
ficial temporal artery. The fibro-fatty tissue, the extension of the
loose areolar tissue (LAT), has been removed to reveal the fronto-
temporal branches. (b) The Superficial lamina of the temporal fascia
(TF) has been removed together with the superficial temporal fat pad
and the periosteum of the zygomatic arch to reveal the relationship
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There have been attempts to distinguish which mimetic
muscles are innervated by which rami of the temporal
branches. Innervation patterns were found to overlap
extensively, with anastomoses between the anterior- and
posterior rami in up to 75% of cases [0, 28, 40, 43]. These
anastomoses could be the explanation that neurotmesis, and
not neuropraxia, of one or more temporal branches may
result in spontaneous functional recovery following initial
facial nerve injury [21]. Hwang et al. also showed
anastomoses with the supraorbital nerve, but the functional
significance of these sensory-motor anastomoses remain
unclear [24].

The relationship between the superficial temporal artery
and the temporal branch is also controversially discussed.
While the majority of the researchers found the STA and
the facial nerve running into the same plane at the deep
surface of the temporoparietal fascia [6, 20, 21, 28, 51],
Abul-Hassan observed the facial nerve at the level of the
zygomatic arch in a plane just deep to the temporoparietal
fascia and the superficial temporal artery within the fascia
[1]. Stuzin found the temporal branch of the facial nerve
running parallel to the frontal branch of the superficial
temporal artery but anteroinferior [S51]. There is general
agreement that the fronto-temporal branch of the facial
nerve is anteroinferior to the frontal branch of the

of the FN with the zygoma. (¢) The zygomatic arch was removed
showing the superficial lamina (SL) of the temporal fascia (TF), the
deep lamina (DL) and the superficial temporal fat pad (STFP) lying
between these layers. The deep temporal fat pad (DTFP) is lying
under the DL of the TF over the tendon of the temporal muscle
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superficial temporal artery [12, 38, 58]. Lei differentiated
between high and low lying bifurcation of the superficial
temporal artery in relation to a horizontal line through the
superior orbital rim and showed that in high-location type,
the fronto-temporal branches run anteroinferiorly immers-
ing deeper in the temporoparietal fascia [32]. In the low-
location type one or more terminal branches may run across
the frontal branch and immerse deeper to the temporopa-
rietal fascia. He concluded that in the high-location type the
frontal branch of the superficial temporal artery can be used
as a safe line to locate the fronto-temporal branches of the
facial nerve [32].

Dissections

The dissection of the scalp confirmed the general opinion of
the five layers (Fig. 1). Over the temporal region the skin and
subcutaneous fibro-adipose tissue can easily be dissected.

The temporoparietal fascia (extension of the epicranial
aponeurosis) is normally elevated with the skin flap during
surgical procedures (Fig. 1). Depending on its thickness it
can be dissected in two layers with the superficial temporal
artery running in between these layers. In this case a thin
layer is elevated with the skin-subcutaneous tissue-flap and
the superficial artery left with the remaining layer over the
loose areolar tissue.

The loose areolar tissue is a good dissection plane,
which varies considerably in thickness among individuals
(Fig. 1). Toward the zygomatic arch one can see some
amount of fat in this layer and more fibrous adhesions to
the temporoparietal and temporal fascia (Fig. 1). Dissection
in this area is more difficult as these three layers
(temporoparietal fascia, loose areolar tissue, temporal
fascia) get fused [47], also known as inferior temporal
septum (Fig. 1) [36]. After cutting through this septum or
adhesion, one can easily find the fronto-temporal branches
of the facial nerve behind it in a fibro-fatty layer (the
continuity of the loose areolar tissue (Fig. 1)) [36, 47].

Just above the adhesion or septum, one can cut the
temporal fascia, which is in continuity with the periosteum
above the superior temporal line (Fig. 1). As the temporal
fascia is already split at this level, the cut is carried out just
through its superficial lamina to expose the superficial
temporal fat pad and underneath the deep lamina (Figs. 1, 2).
The two laminae and the superficial fat pad can be followed
until the insertion at the superior level of the zygomatic arch
and the zygoma can be exposed. Under the deep lamina of
the temporal fascia, one can than find the deep temporal fat
pad, which is in connection with the buccal fat (Fig. 2). The
temporal muscle can be elevated to reveal the underlying
periosteum, under which one will find the anterior and
posterior deep temporal arteries. Finally the branches of

the fascial nerve can be dissected back to the main trunk
of the facial nerve, which will make its relationship to the
zygomatic arch clear (Fig. 2).

The conclusions of the literature review and anatomical
dissections resulted in Fig. 3, which gives an overview of
the different fascial layers and fat pads in relationship to the
fronto-temporal branches of the facial nerve.

Surgical considerations

It has to be kept in mind that the fronto-temporal branches
of the facial nerve change their level in the tissue within the
temporal region, running from the fibrofatty tissue at the
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Fig. 3 A schematic drawing of the anatomical relationship over the
temporal area showing: Skin (S), subcutaneous fibro-adipose tissue
(SFAT), epicranial aponeurosis (EA), called temporoparietal fascia
(TPF) over the temporal region and can be divided into an outer and
inner layer, loose connective (areolar) tissue (LAT), pericranium (P)
which blends with the temporal fascia (TF) over the temporal muscle
(TM) and divides into a superficial lamina (SL) and deep lamina (DL),
connected to the zygomatic arch (ZA). Fibro-fatty tissue (FFT),
superficial temporal fat pad (STFP), deep temporal fat pad (DTFP),
masseter muscle (MM). The fronto-temporal branches of the facial
nerve (FTB1-3) are drawn at the different levels of their course,
showing how they get more superficial above the zygomatic arch.
Superficial temporal artery (STA)
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level of the zygomatic arch through the temporoparietal
fascia in which they reach their final destination [47].
Normally a subgaleal, sub-temporoparietal fascia dissection
can be performed safely down to the fibrous attachment
between the temporoparietal fascia, loose areolar tissue and
temporal fascia, described as inferior temporal septum [36].
The loose areolar tissue can either be dissected separately
or left with the temporoparietal fascia. During this first step,
excessive coagulation on the galea or temporoparietal fascia
anterior to the superficial temporal artery should be avoided
so as not to injure the fronto-temporal branches of the facial
nerve. Once the landmark where the adhesions start is
reached, dissection superior to the temporal fascia should
be stopped and an interfascial (correctly interlaminar:
between the two laminae of deep temporal fascia) or
subfascial (under the temporal fascia) dissection should be
carried out. At the level of the zygomatic arch a
subperiostal dissection is the key to protect the facial nerve
and should start either from the orbital rim down and
backward or from the level above the temporomandibular
joint forward. When detaching the temporal muscle, care
should be taken to elevate the muscle with the periosteum
in order to protect the deep temporal arteries and the deep
temporal nerves [29].
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Comments

David Rojas, Jorge Mura, Evandro de Oliveira, Sao Paulo, Brazil

Krayenbiihl et al. review the relationship of the frontotemporal
branches of the facial nerve to the fascias of the temporal region. This
article has two important advantages for the reader. First, it is well
written, the anatomy is clearly and systematically reviewed, with
references to milestone articles of this topic. The relationship of main
neural and vascular structures is well analyzed, and landmarks for
their identification in surgery are clear for the reader. Second, it shows
the perspective of the senior author who described the interfacial
technique 20 years ago. This was a major advance for achieving not
only better esthetic results decreasing the risk of frontal branch palsy,
but also allowed for an extra exposure in the frontotemporal flap,
avoiding the bulky temporal muscle, and facilitating the variations of
the pterional approach like the fronto-orbito zygomatic access route.
In conclusion, this is a good review that will be illustrative for young
neurosurgeons.

@ Springer



	The...
	Abstract
	Introduction
	Materials and methods
	Literature review
	Scalp
	Skin and subcutaneous fibro-adipose tissue
	Epicranial aponeurosis
	Loose connective (areolar) tissue
	Pericranium

	Temporal region
	Skin and subcutaneous fibro-adipose tissue
	Temporoparietal fascia
	Loose connective (areolar) tissue
	Temporal fascia
	Temporal muscle and periosteum
	Fat layers
	Vascular supply of the temporal region
	Zygomaticotemporal nerve
	Facial nerve


	Dissections
	Surgical considerations
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


