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Chapter 1. An Historical Account of Academic 

and Surgical Knowledge of Facial Nerve 

Anatomy. 

Introduction. 
 

This chapter will outline the development of our knowledge of facial nerve anatomy. It 

begins with the earliest findings on the anatomy and function of the nervous system in 

general, which are important as they formed the basis for investigations of increasing 

quality and intricacy. Relevant discoveries made during the ‘golden age of anatomy’ are 

explored, and finally, the contributions made by surgeons are presented in the context of 

modern surgical procedures. 

 

Academic Anatomy of the Facial Nerve and of the Nervous 

System in General. 

500 BC – 120 AD. 
 

Alcmaeon of Croton (5th century BC) was an eminent philosopher and medical theorist 

who is considered to be one of, if not the, earliest known anatomical dissectors. He is 

said by some to have been a student of Pythagoras. His dissection of live animals 

included the study of vision by cutting the optic nerves, which he established were 

connected to the brain. He was the first to establish the connection between the brain 

and the sense organs, and the first known person to state that the brain is the ‘organ of 

the mind’.6 

 

Hippocrates (460 – 379 BC) recognised the brain as a ‘vessel of intelligence and 

involved in sensations’ (Figure 1). 
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Figure 1: Hippocrates.7 

 

During the same period, Plato (424 – 347 BC) described the brain as ‘the location of 

mental process’. Aristotle (384 – 322 BC) believed, conversely, that the nervous system 

was arranged around the heart rather than the brain (Figure 2).  

 

 
Figure 2: Plato (left) and Aristotle (right). ‘The school of Athens’, a fresco by 
Rapheal. 
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Anatomical dissection in the fifth and fourth centuries BC was in its infancy. That 

would change as the Hellenistic period arrived (323 – 180 BC), a time where scientific 

enquiry, including dissection of human cadavers, flourished. 

 

The first anatomists to systematically dissect human cadavers and record their findings 

were Herophilus of Alexandria (335 – 280 BC), (Figure 3), and Erasistratus of Ceos 

(304 – 250 BC).8 Herophilus is credited with describing a number of cranial nerves, 

including the facial nerve. Both Herophilus and Eristratus reportedly performed 

dissections on criminals while they were still alive.9,10  

 

 

Figure 3: Herophilus of Alexandria.9 

 

The Hellenistic period came to an end and was followed by Roman rule. The Romans 

outlawed the dissection of human cadavers in about 150 BC, and study of human 

anatomy was subsequently stalled. 

 

120 – 1500. 
 

Marinus of Alexandria (fl. 120 AD) and Numisianus established the systematic 

dissection of animal cadavers, contributing greatly to the level of detailed knowledge of 
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anatomy. Marinus is credited with the discovery that the cranial nerves exit and enter 

the brain in pairs.8  

 

Galen of Pergamon (129 – 199 AD) extended on the knowledge of Marinus, and 

illustrated seven pairs of cranial nerves (Figure 4). He also described two subtypes of 

nerve, ‘hard’ and ‘soft’, which corresponded to motor and sensory innervation.11,12 This 

was a tremendous leap forward in our anatomical understanding. While Galen did not 

name any of the nerves, he was aware that his fifth pair of nerves was composed of two 

nerves with different functions13; one now known as the vestibulocochlear “through 

which auditory sensations are conveyed” and the other now known as the facial which 

“arrives on the face and distributes itself at the margin of the broad masseter 

muscle”.12 Galen noted that some nerves ‘traverse the masseter to reach the delicate 

muscles of the lips and are responsible for movement’. He also gave detailed 

descriptions of the branches of what is now called the trigeminal nerve, knowing that 

they were in part distributed to the muscles of mastication, but believed they were also 

the motor supply to the larger lip elevators.11 The majority of Galen’s dissections were 

performed on Barbary apes. 

 

 
Figure 4: Galen of Pergamon. Lithography by Pierre Roche Vigneron. 

 

Galen’s teachings and anatomical system (“Galenism”) were followed for centuries by 

anatomists through the dark ages when further scientific enquiry was inhibited. His 

works were translated from Greek to Arabic after the 7th century AD, and became the 

basis of the practice of medicine in the East.12 European medical knowledge up to the 
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end of the 15th century was largely derived from Arabic writers who were espousing the 

work of Galen. While a very limited number of post-mortem dissections were allowed 

in Italy in the early 1300s at the University of Bologna (by Mondino di Luzzi)12, it 

wasn’t until the early 1500s, known as the ‘Golden Age of Anatomy’, that laws on 

cadaveric dissection were relaxed enough in Europe to allow our knowledge of anatomy 

to expand significantly.  

 

1500 – 1820. 
 

Andreas Vesalius (1514 – 1564) contributed knowledge through dissection to many 

areas of anatomy (Figure 5). Vesalius showed that nerves are solid structures rather than 

hollow vessels distributing “animal spirit” to the body as Aristotle and even Galen had 

believed. Upon learning that Galen’s dissections had been mostly of Barbary apes, 

rather than human cadavers, Vesalius set about disproving assumptions by Galen that 

the anatomy of the two species was similar enough to be a useful comparison. Vesalius 

was granted permission to perform autopsies on executed criminals, and he performed 

many such dissections. His findings challenged many of the beliefs of the Galenist 

majority of his time. 
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Figure 5: Andreas Vesalius.14 

 

Two of Vesalius’ contemporaries, Vidus Vidius (1509 – 1569) and Gabriele Fallopio 

(1523 – 1562) made discoveries about the facial nerve that carry their names today. The 

Vidian nerve (of the pterygoid canal) was described by Vidius, although the function of 

the nerve and its relationship to the facial nerve were not recognised at the time. 

Fallopio described the facial canal (Fallopian canal) in the temporal bone, and also the 

chorda tympani.12,13 Another of Vesalius’ contemporaries, Bartolomeus Eustachius 

made engravings of what was likely the nervus intermedius (sensory and 

parasympathetic root of the facial nerve) in 1563, but unfortunately there was no 

accompanying text to explain his finding. The nervus intermedius carries the eponym 
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‘The nervus intermedius of Wrisberg’ after Heinrich Wrisberg, a German professor of 

anatomy who was the first to give a detailed description in 1777.15 

 

Much of our knowledge of the facial nerve and indeed the entire nervous system was, 

until the 17th century, of anatomical structure more than function. Despite Galen’s 

discovery of the difference between motor and sensory nerves, very little was known 

about the function of the brain. English neurologist Thomas Willis, (Figure 6), 

published his ‘Anatomy of the Brain’ in 1664, and the Danish anatomist Nicolaus Steno 

published his lecture on the same topic in 1669. In his work, Willis was the first to 

enumerate the cranial nerves in the manner used today. These two pieces of research in 

the 1660s mark the first time in the extensive history of anatomical enquiry that it was 

seriously considered and postulated that there was no area in the brain for the storage of 

a soul. It also marked the beginning of a rapid acceleration in our discoveries on the 

brain and facial nerve.  

 

 
Figure 6: Thomas Willis.14 
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1820 – 1930. 
 

The largest leap made in the history of our knowledge of the facial nerve and its 

function was due to the outstanding work of Scottish surgeon and anatomist Sir Charles 

Bell (1774 – 1842) (Figure 7). Bell published the results of his experiments on live 

animals and his discoveries of the nature of facial nerve innervation in 1821.16 The 

scientific findings are enlightening. So is his commentary on other anatomists’ research 

in the years prior, and the on-going issues with the complex nature of the nervous 

system. 

 

 
Figure 7: Sir Charles Bell.17 

 

Bell made the following observation on the intricacy of the nervous system: 

“Anatomists of late, not only in this country, but also in Germany and Italy, made great 

improvement in the minute dissection and display of the nerves; but whilst the doctrines 

hitherto received prevail, the discovery of new branches of nerves, and new ganglia, 

only involve the subject in deeper obscurity. Whilst the nerves are supposed to proceed 
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from one great centre, to have the same structure and function, and to be all sensible, 

and all of them to convey what has been vaguely called nervous power, these 

discoveries are worse than useless; they increase the intricacy and repel enquiry.” 

 

At the time of Bell’s presentation, it is obvious that the quality of anatomical dissection 

had improved immensely over the century leading up to his work, but that little sense 

had been made of the dissections beyond the fact that the neural anatomy is detailed and 

complicated. Also, in the 300 years since Vesalius had debunked the ‘animal spirit’ 

theory of neural conduction through hollow tubes, the physiological mechanisms of the 

nerves remained obscure. 

 

Bell’s scientific investigations were centred around what he termed ‘the respiratory 

nerves’. In today’s terminology, these ‘respiratory nerves’ are the nerves supplying the 

primary and accessory muscles of respiration. Bell included the muscles of facial 

expression due to their accessory functions during respiration, such as the flaring of the 

nostrils, and the muscles of the lips, which he felt were important in the act of speaking. 

Bell described what we now call the ‘facial nerve’ as ‘the respiratory nerve of the face’. 

He stated that ‘this nerve goes off from the lateral part of the medulla oblongata, and, 

escaping through the temporal bone, spreads wide to the face. All those motions of the 

nostril, lips, or face generally, which accord with the motions of the chest in 

respiration, depend solely on this nerve. By the division of this nerve the face is 

deprived of its consent with the lungs, and all expression of emotion.’ 

 

Through his experiments on live animals, Bell conclusively proved that the facial nerve 

was the motor nerve for facial expression,16,18 and that the trigeminal, despite being the 

motor supply for the muscles of mastication, gave only sensory supply to the face. He 

also noted multiple connections between the facial and trigeminal nerves.  

 

Bell also described the case of a man with an injury to the trunk of his facial nerve, due 

to infection, and observed ‘In smiling and laughing, his mouth was drawn in a very 

remarkable manner to the opposite side. The attempt to whistle was attended with a 

ludicrous distortion of the lips; when he took snuff and sneezed, the side where the 

suppuration had affected the nerve remained placid, while the opposite side exhibited 

the usual distortion.’ The condition of unilateral facial nerve paralysis now carries 

Bell’s name. 
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In the early 1800s, as Bell alluded to in his work, the ‘minute dissection and display of 

the nerves’ was improving rapidly. Jones Quain (1796 – 1865), an Irish anatomist, 

published the first edition of the detailed ‘Quain’s Elements of Anatomy’ in 1828. This 

was followed by Henry Gray’s ‘Gray’s Anatomy’ first edition in 1858. Anatomical 

knowledge and investigation was improving at a very fast rate. 

 

In 1895, a German anatomist, Fritz Frohse (1871 – 1916) published his works on ‘The 

Superficial Nerves of the Head’. An example of the level of detail in his dissections and 

illustrations is given in Figure 8. 

 

 
Figure 8: Frohse's  illustration of the superficial nerves and vessels.19 
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By 1899, Quain’s ‘Elements of Anatomy’ had reached its 10th edition, and Gray’s 

Anatomy its 15th. It was in this year that the French anatomist Leo Testut (1849 – 1925) 

published the first edition of his ‘Traite d’anatomie humaine’.20 This multi-volume 

textbook of anatomy took later contributions from other renowned French anatomists 

such as Andre Latarjet, Paul Poirier, and Adrien Charpy. The book became incredibly 

detailed as the editions progressed, but was nonetheless used to teach students of 

anatomy, as were the textbooks by Quain, Gray, and Hovelacque21 (1926). 

Hovelacque’s illustration of the peripheral facial nerve rami (Figure 9), shows the level 

of knowledge that had been reached. 

 

 
Figure 9: Hovelacque's illustration of the facial nerve rami (1926).21 
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At the turn of the 19th century, with so much known about the motor distribution of the 

facial nerve, investigation focused more on the sensory distribution of the facial nerve. 

A British anatomist, Andrew Francis Dixon (1868 – 1936), published his detailed paper 

on the subject in 1899,22 and later, in 1915, American neurologist James Ramsay Hunt 

expanded further on this knowledge with his studies on the effects of the herpes zoster 

virus on facial nerve sensation.23 Amongst a number of neurological ailments to bear 

Ramsay Hunt’s name, three are in regard to the sensory distribution of the facial nerve. 

 

Surgical Anatomy of the Facial Nerve Rami. 

1895 – Present Day. 
 

Surgery, as it always has, benefited from the improvements in academic knowledge of 

anatomy and function. In 1895 Sir Charles Ballance (1856 – 1936), a renowned neuro-

otologist, performed the first facial nerve anastomosis for the treatment of traumatic 

facial nerve palsy. He used the spinal accessory nerve in an attempt to provide facial 

reanimation.24 Although the operation was met with only minor success, it highlighted a 

level of sophistication that hadn’t been previously reached in facial surgery. 

 

Aside from the very early attempt at facial reanimation by Ballance, most of the focus 

on surgery of the facial nerve rami in the early 1900s focused on the treatment of 

parotid tumours. The anatomy of the parotid gland itself was a source of debate, as the 

facial nerve ramified within its substance, and surgeons strove to find a clear cleavage 

plane within the gland that could be utilised to ensure the safety of the nerve during 

parotidectomy. Opinions were divided between two possibilities; the first was that the 

gland had two lobes, superficial and deep, and that the facial nerve rami coursed in a 

dissection plane between these two lobes and were hence able to be safely dissected; the 

second was that the gland was a single parenchymal mass, and that the removal of it 

necessitated loss of the facial nerve rami within.25 

 

The surgical investigations of the anatomy of the facial nerve within the parotid gland 

proved to be historically important on two counts. Firstly, the anatomy of the facial 

nerve rami was being investigated in terms of fascial planes and tissue layers, where 

previously the focus had been on innervation of muscles and on the complexity of the 
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branching and interconnections it formed. Secondly, it led to publication of the research 

performed by Richard Davis in 1956,25 which altered the understanding and teaching of 

the ramifications of the facial nerve to anatomy students and junior doctors in a way that 

has lasted to the present day. 

 

While the article by Davis et al. covered the anatomy of the parotid gland in detail, in a 

study of 360 cadaveric hemi-faces, the lasting contribution made by the study was the 

classification of facial nerve branching patterns into six types (Figure 10). The types are 

ordered from the simplest to the most complex patterns of interconnection.25 

 

 

 
Figure 10: The six chief types of facial nerve branching patterns published by Davis 
et al. in 1956. 

 

Current studies of the facial nerve (which will be discussed later) show that the 

classification of facial nerve branching types in to six classes is a gross simplification of 
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the reality. However, to give due respect to the authors of the paper, the anatomy of the 

facial nerve as described by anatomists at the turn of the 19th century had become so 

detailed that, in the earlier words of Sir Charles Bell, ‘it repelled enquiry’. Davis’ paper 

served to reduce that detail to a digestible volume of knowledge, and it was quickly 

absorbed by the authors of modern textbooks.  

 

Interestingly, the paper arrived at a time where the standard anatomical textbooks had 

begun to omit their sections on anatomical variation, which was deemed just another 

‘over-load’ to learning. Of the six branching patterns described by Davis, it was in fact, 

the Type I pattern that was chosen by these textbooks as the ‘truth’ behind the 

anatomical nature of the facial nerve rami within the parotid gland. From then on, 

anatomy students began to appreciate the simplicity of the five rami, listed as; temporal, 

zygomatic, buccal, marginal mandibular, and cervical. Students to this day will still 

place their hand over the side of their face with fingers spread to display the courses of 

these rami. The fact that the Type I branching pattern was only the fourth most common 

of the six types described in Davis’ research, with a prevalence of only 13%, begs the 

question, why was this Type I pattern chosen to educate our students of anatomy? 

Perhaps it was the easiest pattern to draw and remember. 

 

Davis et el. were not alone in their attempts to simplify our understanding of facial 

nerve branching patterns. Various studies in the 1940s and 1950s classified branching 

patterns into between five and eight types, and the frequencies of each type varied 

considerably from one study to the next. Two of the studies included patterns with 

trifurcation of the facial nerve trunk, one of which showed a 15% prevalence of this 

pattern, while it was not found by Davis in any of his 360 hemi-faces.26,27 When Park et 

al. investigated branching patterns in 1977, they ‘followed’ the classification of Davis, 

and in 111 hemi-faces, found the prevalence of the Type I pattern to be just 6%.27 

 

With such variability of the facial nerve ramification patterns and the inability to predict 

which type would be encountered in any particular case, much of the work done on that 

facet of facial nerve anatomy proved to be of very little assistance to surgeons 

performing parotidectomies. In retrospect, it also proved to be of little assistance to 

anatomy students seeking to understand the complex anatomy of the nerve. 
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An excellent study of facial nerve anatomy was performed in 2010 by Liu et al. using a 

modified Sihler stain. This technique uses a sequence of solutions, over the course of 

several months, to dramatically decrease the opacity of the tissue surrounding the nerve 

rami, while the nerves themselves take on a dark hue, making them visible through the 

tissue without the need for extensive dissection28 (Figure 11).   

 

 
Figure 11: The complexity of facial nerve ramification as shown by the modified 
Sihler stain.28 

 

The results of Liu et al.’s study of six cadaveric faces, (Figure 12), show the enormous 

variability and complexity of facial nerve ramification. Note that the results do not state 

that there are six ‘types’ of branching patterns; these are just drawings of the patterns 
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seen in six faces, none of which are especially similar to the next, or to the simple 

patterns espoused by Davis. 

 

 
Figure 12: Branching patterns found in Liu's study.28 

 

Considering the complexity and likely infinite variability of the facial nerve branching 

patterns, naming each ramus, while necessary for the purpose of communication 

between surgeons, is a difficult task. Two separate nomenclature systems arose at the 

turn of the 19th century. The system that is currently most used is based on the 

ramifications of the facial nerve, which as we have seen, became popularised into the 

five named rami that anatomy students learn today.  

 

The other system names each branch based on its terminal distribution. French 

anatomists differentiated between ‘temporal’, ‘frontal’, ‘palpebral’, ‘orbital’, ‘superior 

buccal’ etc. Poirier and Charpy describe their motives for doing so: ‘This nomenclature, 
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based on the distribution of the terminal facial nerve branches is that of our classic 

authors. It seems far preferable to the method employed by the Germans, based on the 

work of Meckel and Valentin, which uses the mode of ramification. That method has the 

disadvantage of not applying to all cases’.29  

 

While the facial nerve nomenclature system common to most of today’s textbooks is 

based on ramification, it is notable that nomenclature in the current peer-reviewed 

journal literature is increasingly trending towards a hybrid of the two initial systems.30-

32 This situation has arisen as reconstructive and aesthetic surgical procedures on and 

around the facial nerve rami peripheral to the parotid gland have become more 

common.18 

 

With the increase in the number of surgical procedures on both the parotid and non-

parotid regions of the face, surgeons were exposed to many cases of iatrogenic injury of 

the facial nerve rami. A pattern emerged in the recovery of function following these 

injuries, that palsies resulting from damage to peripheral zygomatic or buccal rami 

tended to be transient, while similar injuries to the temporal and marginal mandibular 

rami, more often than not, resulted in permanent palsy.33 It was noted that complete 

return of movement after total lysis of the marginal mandibular nerve occurred in only 

15% of cases.34,35 The reason for this pattern was found by some authors to be that it is 

only in approximately 15% of cases that interconnections exist between these rami and 

the buccal rami.34,36-38 In contrast, a separate and very thorough study found buccal-

mandibular interconnections to have a prevalence of 88%.18 Low percentages were also 

found with temporo-zygomatic connections, especially for the temporal rami supplying 

frontalis.36 An exception to these reports was again given by Lineaweaver, with a 

prevalence of 88%.18 A number of authors reported a complete absence of any 

interconnections between temporal rami and the other rami of the facial nerve.39-42 In 

contrast, zygomatico-buccal interconnections were found to be plentiful. 

 

The authors investigating the intricate interconnections of sub-terminal facial nerve 

rami may have done well to revisit some of the earlier dissections by the French and 

German anatomists around 1900 to save themselves some time. An interesting 

discussion took place in a journal in 2006, in which innervation of the lower lid was 

discussed. The authors of the paper in question43 had performed a number of intricate 

dissections, but their findings were deemed too simplistic. One statement made to that 
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end, was ‘there is strong evidence that in the inner canthus and nasal lower eyelid area, 

there is a parasitisation of sensory nerves (infraorbital and infratrochlear) by the 

buccal branch to augment its innervation and field of effect’.44 The statement is correct, 

but it’s interesting that it found its way into a high-impact peer-reviewed journal in 

2006, when Poirier had clearly documented the fact 100 years earlier! Poirier explains: 

‘The facial nerve features many anastomoses with its neighbours... Most of these 

anastomoses are with sensory nerves that bring facial nerve fibres to the face with 

centripetal conduction. At several points, the ultimate branches of the trigeminal and 

facial come together forming a true plexus. Specifically, these are the sub-orbital 

plexus, that sends facial nerve fibres to the upper lip and lower eyelid with the 

infraorbital nerve; the mental plexus, formed by the union of the mental nerve and 

motor nerves of the depressors of the lower lip; and the buccal plexus over buccinator. 

In truth, however, these are not points of veritable anastomosis; there is intricate 

interlacing, but no exchange of fibres. Frohse has shown that with a fine dissection, it is 

relatively easy, except maybe at the buccal plexus, to separate the facial nerve fibres 

from those of the trigeminal’.29 

 

Dissection research was concentrated for some time on which specific facial nerve rami 

innervated each of the mimetic muscles. Of those rami with a low frequency of 

interconnection, and hence little chance for recovery from injury, surgeons sought 

landmarks that could be used to delineate surgical ‘no-go zones’ so that iatrogenic 

injury could be avoided. The two rami most targeted, for the reasons detailed above, 

were the temporal and marginal mandibular.  

 

From the 1960s, the surgical ‘no-go zone’ for the temporal rami of the facial nerve was 

studied in terms of cutaneous landmarks. Many studies focused on these types of 

landmarks in combination, which included; the temporal hair line45, the bottom of the 

tragus46-51, the top of the tragus48,50,52, the lateral end of the eyebrow46,47,49,53,54, the 

bottom of the earlobe47,49,50, the highest forehead crease47-49, the lower wrinkle of the 

frontal region48, the attachment of the earlobe54, the lateral canthus50,52,55,56, and the crus 

of the helix55. Lines drawn from one landmark to another were used throughout these 

studies to indicate the borders of ‘the’ area in which the temporal rami are found, the 

most famous of which is known as the ‘Pitanguy line’.46 
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It is not surprising, that when the ‘no-go-zones’ from the above studies are compiled, 

the entire temporal region is outlined. As such, the combined result of the above 12 

studies is that if the surgeon wishes to avoid the temporal rami of the facial nerve, he 

should avoid the entire temporal region! Of course, that’s not very helpful. Similar 

studies have been conducted on the area of distribution of the marginal mandibular rami 

of the facial nerve.32,34-36,38,39,42,48,49,57-61 These studies all looked at the variability of the 

course of the rami in terms of distance above and below the lower border of the 

mandible. The combined findings showed that these rami may be found anywhere up to 

1 cm above to 4 cm below the landmark. This result surprises no more than the findings 

on the temporal rami in the temporal region. The marginal mandibular rami are found in 

the vicinity of the lower margin of the mandible! Again, not very helpful to surgeons. 

 

The findings on the course of the marginal mandibular rami are, however, interesting on 

two counts. The first point of interest is one of nomenclature. If a facial nerve ramus is 

found 4 cm below the lower border of the mandible, why would it not be labelled a 

‘cervical’ ramus? The reason, as discussed earlier, is that the nomenclature of the facial 

nerve, while largely based on ramification in anatomical teaching and text books, has 

begun, in peer-reviewed journal literature, to merge with the alternative and historically 

favoured ‘distributive’ nomenclature. The majority of the studies identified these rami 

as ‘marginal mandibular’ because they coursed on to innervate the muscles of the lower 

lip. 

 

The second point of interest is that these studies, the latest of which was published in 

2010, found little useful information that had not already been reported by Hovelacque 

in 192621; ‘Of the 34 works studied by Largot, 11 times the branch ran along the 

inferior border of the mandible, eight times it was above (from 3 mm to 10 mm), 15 

times the curve of the nerve descended into the submandibular region, the top of this 

curve being a distance of 2 mm to 12 mm from the mandibular border’. 

 

The most recent studies on the course of the facial nerve rami have focused on 

relationships with tissue planes and intra-operative landmarks such as the retaining 

ligaments of the face. The obstacle faced with these studies is an on-going, yet slowly 

resolving, lack of consensus on the tissue planes and retaining ligaments themselves.  
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Conclusion. 
 

Despite the volume and quality of research into facial nerve anatomy, a degree of 

disconnect exists between explanations of the nerve itself and the soft tissue anatomy in 

which it is found.  

 

This thesis aims to resolve certain aspects of facial soft tissue surgical anatomy in order 

to then describe the courses of facial nerve rami in such terms. The next chapter aims to 

provide an understanding of the tissue planes of the face, and changes that occur with 

age. Surgery to these tissue planes requires knowledge of the facial nerve rami anatomy 

to ensure safe correction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


