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ABSTRACT

BACKGROUND: The facial nerve (FN) is the seventh cranial n€H). It is a mixed nerve

with motor supply to the facial muscles being masicial. It exhibits diversity in its course,
dimensions and anatomic relations especially inetlteatemporal part. An intimate knowledge
of its anatomy is critical to avoid its inadvertanjury during rhytidectomy, parotidectomy,

maxillofacial trauma surgery and ideally in anygany of the head and nexgion.

METHODOLOGY: Dissection of fresh cadavers in Kenyatta Natidradpital mortuary during

post mortem examination.

STUDY OBJECTIVE: To establishthe anatomic relationships and variability of the
extratemporal FN trunk and its branches with emighas the intraparotid connections between

the divisions and relations to various surgicatilaarks.

STUDY DESIGN: This was a descriptive cross-sectional study desiging quantitative
techniques of data collection on cadavers. The idatades morphometry of the FN as well as

the various patterns of its distribution.

STUDY AREA AND POPULATION: The study was conducted at the Kenyatta National
Hospital (KNH) mortuary. The study population indkd cadavers that were presented for post

mortem examination. A special chart was used liectadata.

DATA ANALYSIS AND PRESENTATION: Data were coded and analyzed using the SPSS
version 18.0 software. Descriptive analysis wasedand presented using frequency diagrams,

tables and graphs. Statistical tests included trenrMWhitney U, Wilcoxon signed rank,

Xi



Spearman and Pearson coefficient frequency tesis.r@sults were presented in the form of

tables and figures.

RESULTS: Twenty fresh cadavers were dissected left and sgt#s among which 12(60%)
were males while 8(40%) were females (40FNH)e frequency of the various branching
patterns using the Davis et al.1956 classificati@s as follows: types | 10(25%), 11-9(22.5%),
- 7(17.5%), IV 6 (15%), V 2 (5%) and IV 6 (15%)he FN was noted to bifurcated in 32
(80%) and trifurcated in 8(20%) cases. However ghaas no significant difference in the
branching patterns (p=0.509) and furcation type#14) between the right and left sides and
between the genders. Regarding the morphometre afathe FN, the length of the FN was
16.14mm (+/- 3.28),the distance from the FN trutak the tragar pointer (TP) was
9.87mm(SD+/-2.41), tympanomastoid suture( TMS) BBi(+/- 1.28), external auditory meatus
( EAM) 15.64mm(+/- 2.74), posterior belly of thegdstrics muscle ( PBDM) 8.09mm(+/-1.78),
styloid process 16.48mm(+/- 5.47), temporomandibjdent(TMJ)  22.55mm(+/-1.99) and
angle of the mandible 37.98(+/- 4.45). The stylpidcess was missing in 9 (22.9%) of the

hemifacial dissections.

The Mann Whitney U test did not elicit a statistligasignificant difference of the right side
length of the trunk between genders (p=.238) asd Hie independent t test of means of the
landmarks did not show any significant differenedéween the male and female cases. There was
a positive correlation (Pearson’s correlation tdstjween the right side and the left side
branching patterns (p=.002), length of the FN t(pak000), TP(p=.003), TMS(p=.000),
EAM(p=.000), PBDM(p=.003), the styloid process(B34) and angle of the mandible(p=.001)

which was significant.
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CONCLUSION: The current study establishes variations of anataimpatterns of the
extracranial FN in a Kenyan population. It showatttype | (Davis et al. 1956 classification)
branching pattern as the commonest. The TMS andWwB®Bre the most accurate landmarks in

FN trunk identification.

RECOMMENDATIONS: The study strongly shows that the TMS and PBDM larused as

landmarks for the identification of the FN duringgery.
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1.0 INTRODUCTIONAND LITERATURE REVIEW

1.1 INTRODUCTION

The facial nerve (FN) is the seventh cranial n€@&) which is a mixed nerve carrying sensory
fibres including special sensory (taste) and sam@eneral), somatic (branchial) motor and
visceral (parasympathetic) motor components. lo alarries proprioceptive fibers from the
muscles it innervate$ Voluntary control of the branchial branch of the Ninitiated by
supranuclear inputs arising from the cerebral gopeojecting to the facial nucleus of the
pontine tegmentum via the corticobulbar tracts. orBgneous facial muscle movements are
centrally transmitted via the extrapyramidal syst€he FN nuclei contain the cell bodies of its
lower motor neurons. These cell bodies receiveawmlear inputs via synapse formation with
axons traveling through both the pyramidal and apgtramidal systems. These postsynaptic
lower motor neurons confluence around the abdunenkus and form the facial colliculus at
the floor of the fourth ventricle. The motor branoh the FN exits the brainstem at the
cerebellopontine angle, where it is joined by tleevas intermedius. It then travels about 15.8

mm from the cerebellopontine angle before entettiegtemporal bon&

The parasympathetic component of the FN is compa$edsceral motor fibers whose cell
bodies are scattered within the pontine tegmentumeh @ollectively known as the superior
salivatory nucleus. Cell bodies mediating the gainsensory function of the FN reside in the
general sensory trigeminal nucléu$opographically the nerve can be divided int@¢hparts:

intracranial, intratemporal and extracranial.



Both the FN proper and the intermedius nerve emieoge the brainstem at the cerebellopontine
angle at the caudal border of the pons, betweealilacens and the vestibulocochlear nefves
The intracranial portion is a 23 - 24 mm segmeoitnfthe cerebellopontine angle to the internal

auditory canaf.

The FN traverses the petrous part of the temparaé from the internal auditory meatus to the
stylomastoid foramenAs it exits through the stylomastoid foramen in these of skull, the
extracranial portion of the facial nerve may beated 21+/-3.1 mm below the skin. Here, it
immediately gives branches off the main trunk ® aluricular muscles, the posterior belly of the
digastric and the stylohyoid musclesit supplies sensory (vagal) fibers to parts &f éxternal
auditory canal and some areas of the auricle, diotuthe lobules. The nerve then courses
ventrally and at the posterior edge of the parghkahd it splits into the upper and lower divisions
® Within the parotid gland, there is further brainghwith multiple individual variation§° . The
upper (temporofacial) division of the FN gives tfé temporal, zygomatic and buccal branches
whereas the lower (cervicofacial) division gived die marginal mandibular and cervical
branches..It is the most frequently injured of all the CNsusing paralysis of the muscles of
facial expression. Although it is a mixed nerves thotor component is the most important due

to the significance of facial palsy***2

The anatomic pathways followed by the FN and ilati@ns are very important and carry great
significance for anatomists, surgeons and clingian order to make accurate diagnosis and
effective surgical interventioh The FN trunk being dissected and manipulated ®éetvthe exit
from the cranial base through the stylomastoidrfaa and its furcation is a crucial stage in a
number of craniofacial, otological, plastic and msurgical procedureS.The iatrogenic injury

of this part of the FN is very commdn® ** ' The choice of the surgical approach in parotid

2



surgery is particularly relevant because of theesme anatomic variability of the parotid area
and the functional importance of the branches ef BN > ** Preservation of the FN during
parotid gland surgery depends upon its being locatithout suffering damag®®. Accurate
knowledge of the anatomy of the nerve and condiderperioperative care are essential if
trauma is to be avoided. The surgeon must be augaaiwith a range of techniques, since
anatomical variations may make already establispedific approaches difficulf. The aim of
this study was, therefore, to establish these tiana in the cadavers presented for postmortem
in Kenyatta National Hospital mortuary to bridge @pp in knowledge in data on black African

population which will also assist in performingeatrgical interventions.



1.2LITERATURE REVIEW

The arborization of the extratemporal FN typicabggins within the substance of the parotid
gland and ultimately gives rise to the cervical,rgmeal mandibular, buccal, zygomatic and
frontal (or temporal) nerve branchesSeveral studies have demonstrated variationshén t
branching patterns of the FN, bifurcation and tgation of the main trunk, reanastomosis,
looping patterns and morphometric variations imatieh to surgical landmark$ > 8% |n

addition, various classification systems have based by different authors to describe the

branching patteris® 1 1416

Branching patterns

McCormack et al in 1945 studied 100 FNs from cadaead described the surgical anatomy
with special reference to the parotid gland. Thegatibed a complex classification of 8 patterns
of the FN branching and anastomosis. This was genn order of increasing complexity
beginning with the simple type and ending with #hosxhibiting a markedly plexiform
arrangement®. Dargent and Duroux in 1946 presented 5 main tyfeBN distribution. The
authors dissected 68 FNs from within the substaidhe parotid gland. They noted two major
classes and five "types" of FN branching from 59h&f 68 dissections. Class 1 (35 cases): FN
without anastomoses between branches after thé&al ibranching from the trunk. Class 2 (24
cases): FN with anastomoses between the cervicom@mnpranches which form intraglandular
plexuses™.Davis et al in 1956 dissected 350 cadaveric fduives and categorized the
branching pattern of the FN into 6 distinct typEgy( 1.1). The FN trunk typically gave rise to
superior/ upper (temporofacial) and inferior/loweervicofacial) divisions. They noted that the

marginal mandibular and cervical branches of then@xe exclusively derived from the inferior



division, whereas the buccal branch always recesaede contribution from the inferior division

and either none or a variable contribution fromshperior divisiorf.

Vi

Fig. 1.1. Pattern of extratemporal branching offiheadapted from Dauvis et al., 1956.

1. Temporal branch 2.Zygomatic branch 3.Buccal brarkiMarginal mandibular

branch 5. Cervical branch

They found out that type Ill was most common witlregquency of 26%, followed by type IV -

24%, Il -20%, | -13%, V- 9% and VI- 6%.



Baker and Conley reviewed the extratemporal FNangtin about 2000 parotidectomy cases in
1979°. Their findings suggested that the FN branchirttepawas more variable than that noted
in the Davi§ cadaveric studies including the presence of a ENkttrifurcation with a direct
buccal branch in a few instancEsThis was done on live parotidectomy cases andatigb

explains the more detailed anatomy described apared to the cadaveric studigs

Katz and Catalanim 1987 during live parotid dissection found sigraht variations in the FN
branching that had not been previously repdfteth a study of 100 patients during parotid
surgery, ninety-nine patients had the FN configaret that could be divided into five main
types (Appendix 1). One nerve could not be clasgiiinto any of these types because of a
bizarre configuration. Twenty-four percent of thetipnts had a straight branching pattern (type
); 14% had a loop involving the zygomatic divisi¢type 1l1); 44% had a loop involving the
buccal division (type lll); 14% had a complex pattevith multiple interconnections (type IV);
and 3% had two main trunks, one major and one n{type V)*.Numerous micro- dissection
studies have demonstrated that branching pattemdsaaastomoses between branches both

within the parotid and on the face exhibit considdée individual variatiort "1/

Kopuz et al. (1994) in a cadaveric study in a Tshkipopulation found intraparotideal
configuration of the FN and classified as Katz &adaland' did in 1987. Twenty four per cent

of the FNs had no anastomoses (Type |I); 12% hadgalike shape anastomosis between the
buccal and the zygomatic branches (Type Il); 14%hefanastomoses were between the buccal
and the other branches in a ring-like shape (TyPe38% of the FN had multiple complex
anastomoses and were named as multiple loops ((Wp&2% had two main trunks (Type V).
The FN distribution in 9(47.3%) were bilaterallynslar and in 10(52.7%) were different. A FN
trifurcation composed of two main trunks was alstaklished

6



In parotid surgery, these anastomoses are impaatathtpresumably explain why accidental or

deliberate division of a small branch often fadlgesult in the expected FN weaknéés.

Kwak et al. (2004xlassified the branching patterns of the FN acoydb the origin of the
buccal branch into four types (Appendix 3). In typ@3.8% of the cases), the buccal branches
arose from the two main divisions of the trunk bat from other branches of the FN. In type Il
(44.8%), the buccal branches arising from the twaonndivisions were interconnected with the
zygomatic branch. In type Il (17.3%) the margingndibular branch was noted to send nerve
twigs to the buccal branch which originated frone tppper and lower divisions. In type IV
(17.3%), the nerve twigs from the zygomatic andgimal mandibular branches merged with the

buccal branch arising from the two main divisidns

Kwak et al. (2004) reported that connections betwtbe lower elements were far less frequent
than those among the upper branches of the Bhivis et al. (1956) reported that the marginal
mandibular branch communicated with the buccal ¢dran only 6.3% of the 350 specimens
examined. They further reported that the FNs witlemnnections between branches after their
initial branching from the nerve trunk were invalvim 60% of the casésHowever, a study by
Kwak et al. (2004) differed in the sense that, tldgy not report any of the simple patterns
without communication Unlike Dargent and Duroux (1946), the dissectivas extended

beyond the anterior border of the massater

Several authors have reported the possibilitiestribfircation, quadrifurcation, or even a
plexiform branching pattern of the FN trunk (Tablel) > * > %22 gglame et al. (2002)
identified one case of trifurcation out of 46 casew Park and Lee (1977) reported its

prevalence to have been 4.4% in Kore#h¥ Davis et al. (1956) in their study in a Caucasian



population reported 100% bifurcation of the main #thk 8. Kopuz et al. (1994) investigated
the FN in the parotid gland in 50 specimens andrnted a trifurcation of the main FN trunk in 9
(18%) cases Kwak et al. (2004) reported 4 cases (13.3%)ifufrtration of the FN trunk These
studies all examined adult cadavers. EKh¢L999) examined 27 FNs in 14 cadavers and
reported bifurcation in 22 cases and trifurcatiobi Further, they studied the relationship of the
FN branching with age. In the full-term foetus #r@astomoses were not seen and it appeared
like a straight branching pattern. Ekinci (1999p@ested that the frequency of anastomosis
increased with agé However, no embryological basis of this findingull be found in the

literature reviewed.

Tsai and Hsu (2002) classified the nerve brancpatterns into three main categories. Twenty
cases (24.7 %) displayed the pattern where therwgqelower trunks of the FN divided, closely
followed by the bifurcation of the marginal andwieal branches. In the largest group (34 cases,
42 %), the upper and lower trunks divided, thembhnad into their respective divisions. Twenty-
seven (33.3%) cases had branching of the uppesiclivimmediately after the bifurcation of the

upper and lower divisioAS None of the studies reported cases of no funsatiaghe FN trunk.

Myint et al. in 1991 carried out fine dissection7i facial halves from formalin fixed Malaysian
adult cadavers of various races and found 3.8%rtdtion in the FRF. The branching patterns
were placed in Davis et al. (1986)assification of six types and the frequency ofurcence
was type | 11.39%, type 1l 15.9%, type Il 34.188/pe IV 18.98%, type V 7.59% and type VI
12.67%. Type |, the classical textbook pattern Wasd to have been one of the least common

patterné’.



Table 1.1. Bifurcation and trifurcation of the ANk according to various authors.

Author Bifurcation % Trifurcation %
Davis et al .,1956 100 -
Park and lee., 1976 95.6 4.4

Katz and Catalano., 1987 100 -

Kopuz et al., 1994 82 18
Ekinci., 1999 81.4 18.6
Salame et al., 2002 97.8 2.2
Tsai and Hsu., 2002 100 -
Kwak et al., 2004 86.7 13.3
Kalaycioglu et al., 2013 81.3 18.8
Myint et al., 1991 96.2 3.8

Bilateral configurations

In two Turkish studies by Kopuz et al. (1994) anald¢cigzlu et al. (2014) evaluated bilateral
FN configurations. In one, the FN pattern in 9(44)3ases were bilaterally the same and in
10(52.7%) of the cases the main trunks were difttr¥. There were no statistical differences
between branching of the FN on the right and liefes of the facésKalaycioglu et al. (2014)

also did not find significant differences betweka tight and left FNS".



Length of thefacial nerve trunk

Salame et al. (2002) emphasized the importancleofength of the FN trunk since a segment
needs to be sufficiently long to permit anastomesib the fewest possible manipulations and
neither too tense nor too lod&eThey examined the FN in 46 specimens from itsrgeree at
the stylomastoid foramen to its furcation and régma length of 16.44 + 3.20 mi Kwak et

al. (2004) investigated the length of the FN trumi80 subjects with a measured value of 13.0 +
2.8 mm. They also found that the average deptth@fstylomastoid foramen from the skin
surface was 21.0+3.1 nfrin an Indian study, Nishanthi et al. (2006) fouhakt the length of the

FN trunk from the stylomastoid foramen to the kifition was 18.51 + 3.80 nffh

Table 2.1. Length of the FN trunk according toimas authors.

Author Length (mm)
Dargent and duroux, 1946 13

Holt, 1996 21

Salame et al., 2002 16.44
Cannon et al., 2004 9.38
Kwak et al., 2004 13

Pather et al, 2006 14
Nishanthi et al, 2006 18.51
Average 15.05

10



Racial differences

Racial differences have been noted in some stubliesKorean population, the results indicated
that the communicating branches between the baechmarginal mandibular branches occured
more frequently in Koreans than Caucasiaiis addition, Wang et al. (1991) reported a 60%
prevalence of these communicating branches in tiee8é* while Niccoli and Varandas (1998)
reported 9% prevalence in Spanish c&sedyint et al.(1992)in a Malaysian study found no
significant difference in the percentage of eagetpetween the Malaysian population and that
of the Koreans, though some differences with Cdanasvere noted in three uncommon types
Myint et al. (1992) also found out that the disefitom the bifurcation of the FN was shorter in
the Malaysian population compared with studies domeCaucasian subjects. They postulated
that a longer distance between the bifurcationhaf EN and the angle of the mandible in
Caucasians could have been due to a larger statbigger and stronger jaw or a combination of
both factors in Caucasians when compared to AsfakK®puz et al (1994), in a study in a
Turkish population also suggested that race magrbenportant factor in the branching of the

nerv€. No African studies were found in the literatuegiewed.

11



Table 3.1. The percentage of branching patterroding to Davis et dl.classification) of the

FN in Caucasian, Korean and Malaysian subjécts

Type of Davis et Park & Bernstein Katz & Myint et

branching al® 1956 Lee'?1977 &Nelson® Catalano™ al* 1991

1984 1987
I 13 6.3 9 24 11.39
[ 20 135 9 14 15.19
Il 28 33.4 25 44 34.18
Y 24 23.4 19 14 18.98
\% 9 6.3 22 3 7.59
VI 6 17.1 16 0 12.67

Minor trunks

While many articles have carefully described thegth of the FN trunk and branching patterns,
the minor trunk of the FN is rarely reported. Katizd Catalano (1987) reported three cases
(3%)as presenting with two main trunks known asrfagor and minor trunks with the latter
joining the larger temporofacial division, the anigof the main buccal branth Kopuz et al
(1994Y reported 18% cases with a minor trunk similar te description by Katz and Catalano

(1987}, Park and Lee (1977) reported 4.4% in their sefiilasis, a surgeon should bear in mind

12



that even after finding two main facial nerve tran& third minor trunk could still be present and

could be exposed to injuly

Surgical landmarks

Numerous soft tissue and bony landmarks have bemoged to assist the surgeon in the early
identification of this nervé® ** 2632 There is still dispute within the literature @asthe most
effective method, if any, of locating the nefv& Identification of the nerve trunk with the aid
of the following landmarks have been studied, ngm#ie origin of the posterior belly of
digastrics muscle( PBDM), the styloid process, tiastoid process, the tympanomastoid suture
(TMS), the tragar pointer (TP) and the bony ridgeha anteroinferior margin of the external
auditory meatus (EAMJ®>**3' From descriptions of these and other landmaskes! tio identify
the main stem of the FN, one could deduce that onlasive scientific evidence exists to
demonstrate that any one of the landmarks is nedigbte than the other in the identification of
the FN?" ** However, bony structures have been found to berswitable as anatomical guides

because of their rigid and reliable anatomical tiocg’.

The reliability of soft tissue landmarks varies.idt known that the anatomy of soft tissue
structures could be distorted in infants, childrg@mevious surgical intervention, intensive
scarring and the extent of a tumor itself and esaixceptionally difficult problems in the
execution of basic surgical techniqi#&sBoth the length and curvature of the styloid ps=care
variable, therefore, rendering it an equally umgle landmark”®. Other criticisms concerning
one method or another include no sense of deptieliable measurements and the variability

from retraction, the danger from being too deethemecessity for additional dissectitn
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Another landmark considered as dependable is tlertoost medial projection of the TP or
cartilage, which lies anterior to the opening oé #xternal acoustic meattfs This “pointer”
points directly to the FN trunk upon exiting thglsmastoid forameri®. The FN exits 1 cm
below and medial to the tip of the 7P One problem with using the TP is that variousenbers
interpret the definition and direction of the “moer” differently. Difficulty to decide on the
position of the tragal “pointer” exists becauseis mobile, asymmetrical and has a blunt

irregular tip®°.

Al Kayat and Bramley (1979) were the first to studg FN topography by measuring the course
of its branches and then correlating the measurenveith the site of the preauricular incisian
There were no significant variations in topograptith age and gender. A study by Reto
measure the distance from four of the most commoséd surgical landmarks to the main trunk
of the FN namely the PBDM, the TP, the junctionAmn the bony and cartilaginous EAM and
the TMS showed that the main trunk of the FN wagth5.5+/-2.1mm from the PBDM, 6.9+/-
1.8 mm from the TP, 10.9+/-1.7 mm from the EAM &h@+/-0.4 mm from the TMS. It was
shown that the TMS could be used as a reliablecatdr for locating the main trunk of the FN.
In addition, this study also demonstrated a stasiby significant difference between the sexes in
relation to the two bony landmarks used here, iABENd the TMS, with the FN found further

away from those landmarks in females compared festia

Nishanthi et al. (2006)und the shortest distances from the TP to thetfeNk and to the

bifurcation were 10.08 + 2.34 mm and 13.97 = 2.7&,mespectively. The distance from the
bifurcation to the mastoid tip was 16.28 = 2.87 nfroim the bifurcation to the most caudal point
of the EAM was 19.64 = 2.98 mm and from the biftimato the lowest point of the postglenoid

tubercle was 23.83 + 3.28 mimAnother study by Pather et al.(2006) found tretatiice of the
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FN trunk from each of the surrounding landmarksggeghfrom (mm): TP, 24.3 to 49.2 (mean
34); PBDM, 9.7 to 24.3 (mean 14.6); EAM, 7.3 to2{mean 13.4); TMS, 4.9 to 18.6 (mean
10.0); styloid process, 4.3 to 18.6 (mean 9.8)dvarse process of the axis, 9.7 to 36.8 (mean

16.9); angle of the mandible, 25.3 to 48.69 (me&i )5

Table 4.1 Comparison between proximity of FN tomas landmarks

Landmarks Study

Mean distance(mm)

Rea et &° Pather et &f

Posterior belly of digastrics 5.5 14.6
Tragar pointer 6.9 34

External acoustic meatus 10.9 134
Tympanomastoid suture 2.5 10.0
Styloid fissure - 9.8

Transver se process of axis - 16.9
Angle of mandible - 38.1

The results demonstrated that the PBDM, TP andtese process of the axis are consistent
landmarks to the FN trunk. However, it should béeddhat the TP is cartilaginous, mobile and
asymmetrical and has a blunt, irregular tip. ThHisdg advocated the use of the transverse
process of the axis as it is easily palpated, dadsrequire complex dissection and ensures

minimum risk of injury to the FN trurtk
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Other landmarks have been attempted in identifylmg FN such as the stylomastoid artery
(SMA) . In a clinico-anatomic study, Tahwinder et al. q@p reviewed 100 routine
parotidectomies and dissected 50 cadaveric heragao study the SMA relations to the FN
trunk. They consistently identified a supplying sels SMA, which tends to vary less in position
than the FN. Following this vessel, a few millinestrinferiorly and medially, the FN trunk,
which it supplies, could be identified with relaiease. The study concluded that the SMA could
supplement other landmarks used in parotid sutgefhis further highlights the difficulty in
using one single landmark to identify the faciatveewith accuracy and consistentyRacial

differences have also been studied in the reldtiprizetween the FN and TMJ.

In a study by Woltmann et al. (2000), the reladitip between the distances of the temporal and
cervicofacial branches of the FN relative to theJWas examined in 92 facial halves from 56
adult cadavers. African and Caucasian males fratyuead a temporal branch more distant from
the EAM (1.59 cm) and the tragus (2.09 cm) whenmamed to the respective females (1.25 cm
and 1.82 cm). In mesocephalic African and Caucasiales, the cervicofacial trunk frequently
passed closer to the EAM (1.76 cm and 2.26 cm.ects@ly) than in brachycephalic African
males (2.30 cm) and in dolicocephalic Caucasianesn&?.95 cm). Mesocephalic Caucasian
males and brachycephalic African males had larggtankces for the cervicofacial branch (2.26
cm and 2.30 cm), respectively, than the correspmndmesocephalic (1.4 cm) and
brachycephalic (1.8 cm) females. The location eftdmporal branches and cervicofacial trunk

of the FN increases the risk of lesions to theseeseduring access to the Tf1J

Apart from racial variations which could be expkinby various morphologies of the cranium,

no other reason could be found in the literatuvéerged could explain the variations described.
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1.3. STATEMENT OF THE PROBLEM

FN damage leads to transient or permanent faciayp&omprehensive understanding of the
anatomy of the FN is important in surgery involvihg parotid gland, TMJ, craniofacial trauma,
mastoid bone surgery among others. latrogenicigguran occur to the FN during such surgical
procedures. Correct surgical approaches and idmtidn of the FN trunk and its branches is
critical in the avoidance of any iatrogenic injgieévariant anatomy in the FN in different
individuals and populations has been describetieniterature, as well as racial differences. No
single anatomical landmark has been shown to ladlytotliable in the identification of the FN
during surgical procedures. Different morphometdiata on the FN exist but with large

variations among different populations and racralugs.

14. JUSTIFICATION OF THE STUDY

There is the paucity of data in the local populaibm the FN as hardly any Kenyan studies were
found in the literature search. There is need t@minbdata on the proximity and reliability of
anatomical landmarks commonly used in identifyifg tVN during surgery. This will be
important in the avoidance of nerve damage whichdeaere functional and aesthetic outcomes.
This should also help in planning of surgical apiges to the region. The need to establish

dimensions of the FN is essential in primary neegair and in nerve grafts or re-anastomosis.
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1.5. OBJECTIVES

BROAD OBJECTIVES

To investigate and document extracranial anatorvaahtions in the FN anatomy.

SPECIFIC OBJECTIVES
1. To establish the branching patterns of the FN.
2. To determine the proximity of FN to various landks&acommonly used in the

identification of the nerve during surgery.

1.6. VARIABLES

a) Independent variables

1. Gender.

2. Side (right/left).
b) Dependent variables

1. Branching patterns of the FN (Davis classificatigme 1-VI?).
2. Number of FN trunks.
3. Length of FN trunk.
4. Distance of FN trunk at furcation from
a. Tragal pointer.

b. Tympanomastoid fissure.
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External auditory meatus.

. Posterior belly of the digastrics.
. Styloid process.
Temporomandibular joint.

. Angle of mandible.
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2. MATERIAL AND METHODS

2.1. STUDY DESIGN

This was a descriptive cross- sectional study desiging quantitative techniques of data
collection. The data included morphometric paransetd the FN as well as describing the

various patterns of its extracranial distribution.

2.2. STUDY AREA

The study was conducted at the Kenyatta nationspited (KNH) mortuary. A pilot dissection

on 7 cadavers was done in the university of Naiestatomy department topographic anatomy
laboratory for familiarization and calibration. THespital is the main tertiary and also the
largest public referral hospital serving the whaleuntry. It is also a teaching hospital in
conjunction with the University of Nairobi Collegd# health sciences. The mortuary serves

patients who die in the hospital who come fronpalits of the country.

2.3. STUDY POPULATION

The study population was cadavers in KNH mortuaignya is made of a population of 38.6
million people as per 2009 census with 43 ethnazigs, including a minority of 1% non-African

groups consisting of Arabs, Indians and Caucasians.
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24. SAMPLE DESIGN AND PROCEDURE

. SAMPLING DESIGN

Convenient sampling of cadavers presented for pastem in the mortuary was selected. They
were all well preserved and refrigerated fresh eadabefore any tissue fixation or embalming
was done. All those that met the inclusion craeand those cadavers presenting for post-
mortem were selected within the study period. Imied consent was sought from the next of

kin.

Il.  SAMPLE SIZE DETERMINATION

Sample size was calculated using the following fdemproposed by Varkevisser et al using

variance™®.

_ 452(Zcrit + prr)z
= 72

n
Where,
n= sample size
82 = variance (square if standard deviation)

Zqrit =1.96 (for 95% confidence interval)

Zpwr= 0.84 (for 80% power)
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d? = difference in means (effect size)

= 15 standard deviation

Using a previous study by Nishanthi et al. (200&) length of the facial nerve trunk was found

to have been 18.51 +/- 3.80 fin

n= 4(3.8)( 1.96+0.843

1.9G

Minimum of thirty nine FNs from bilateral disseatiof 20 cadavers.

2.5. INCLUSION CRITERIA

All well processed and preserved fresh adult cadaivethe mortuary presented for post-mortem

within the study period were selected.

2.6. EXCLUSION CRITERIA

Any cadavers with facial malformations, either cemi¢gl or acquired, gross pathologies in the
head and neck region as well as distorting or glisfing injuries were omitted. Also, cadavers
with any tissue macerations, burns or evidence wbfisal operation in the parotid and

infratemporal region and those whose relativesndidconsent were excluded.
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2.7. DATA COLLECTIONTOOLS

Data collection sheet

Aids to data collection

Digital photographs

Dissection kit

Magnification lenses

Rulers

Pair of dividers

Calibrated flexitape

Digital camera and photography

2.8. DATA COLLECTION PROCEDURE

Facial dissection of cadavers using a standarskedi®n kit was done during autopsies. The
facial nerve was exposed using standard thoracoea¢érand coronal incisions done during
autopsy. These are incisions used for neck disseetnd craniotomies to expose the skull and

brain as shown in plate 1.

A mastoid to mastoid incision for craniotomy whicmns the u -shaped cervical incision along

the lateral aspect of the neck was made. This wamb the ears and beyond the hairline to
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conceal the incision and avoid facial disfiguremektflap was raised with a cut through the
EAM with displacement anteriorly. The mastoid wakentified and dissection performed
anteriorly to expose the parotid gland and furtiter TMS, EAM and TP which were used to
identify the FN. Dissection was done to follow therve from the exit at the stylomastoid

foramen posteriorly and anteriorly to follow its¢ation.

Plate 1. Standard autopsy incision used to exposethe FN.

Dissection to identify the FN trunk and variousgscal landmarks such as the TP, TMS, EAM
and PBDM and traced back to the emergence frorstih@mastoid foramen as shown in plate 2.
Superficial parotidectomy to expose the FN branakas done up to the anterior border of the
masseter. The specimens were photographed for dotation as demonstrated in plate 2-6. A

descriptive morphometric study describing the refehip between the FN and the various
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landmarks as shown in Fig. 2.2 was done using & qfadividers, measuring flexitape and
transferred to a measuring ruler calibrated iniméters. Branching patterns and re-anastomotic
loops were also documented. Branching patterns wecerded in terms of the number of
branches off the main trunk and final divisionstgat based on the classification by Davis &t al
(Plate 2-6). No specimen was taken from the cadaed tissues were placed back to as close to
their anatomic positions as possible. Meticuloussute of the incisions was done by the
mortuary assistants. Data collected were presentigures and morphometric data presented in

specially designed tables (appendix i).

ZYGOMATIC
ARCH

( U TMS-tympanomastoid suture
PBD- posterior belly of digastrics
/1
™S MP-mastoid process

FN SP- styloid process
spk 1 EAC-external auditory canal
" MANDIBLE A - Angle of the mandible
FN- Facial nerve
PBD

A

~

Figure 1.2.Diagram showing relationship of FN to variouslandmarks modified from

Panther et al.’2.
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Bifurcation of

EN [ EAM
TP
Temporozygomatic : 0
branch TMS
Main trunk
Buccal br
Mastoid process

Marginal
mandibula
Cervical br ' PBDM

Plate 2. Type| branching pattern- straight branching pattern with no anastomosis

Temporal and
zygomatic br
anastomosis

Plate 3. Typell branching pattern- zygomaticotemporal anastomosis
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Plate4. TypelV branching pattern- double anastomosis.

Multiple anastomotic
loops between all
branches

Plate 5. Type VI branching pattern showing complex anastomotic pattern
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Double
anastomosis loops

Temporofacial trunk

Cervicofacial trunk




Temporofacial
trunk

Buccal branch

Cervicofacial
trunk

Plate 6. Trifurcation of the FN trunk

2.9. DATA ANALYSISAND PRESENTATION

Data were coded and analyzed using the SPSS veldldh software from SPSS inc.IL.

Descriptive analysis was done and presented ussggiéncy diagrams, tables and figures.

Statistical tests ( Student t, Wilcoxon sign ramd @aann Whitney u test) were done to
determine whether there was a significant diffeeebetween males and females, right and left
FNs. Differences between dependent variables atependent variables were analyzed using
the Spearman rank order correlation and Pearsootupt moment correlation. The significance

level was set at P<0.05.
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2.10. ERRORSAND BIASES

Identification of fine branches and anastomosisesgtly microscopic ones was a challenge.
Due to the soft tissue nature of the specimen dsioes of the nerve change dependent on
traction forces applied and position of the headcukacy of measurements of some landmarks
was also affected by their anatomical shape and guch as the angle of mandible whereby the

gonion point is a derived point. Other such landieavere the TP, TMJ and TMS.

2.11. STUDY LIMITATIONS

The sample was assumed to have been an accuratseaeiation of all cadavers presenting in
the mortuary. The dissection was limited to théeaar border of the parotid gland to avoid
facial disfigurement. The difference in body sizel ghysique and profile of the head may have

an effect on the different morphometric data olaédin

2.12. MINIMIZING ERRORSAND BIASES

There was no or minimal tissue distortion as th@avars were fresh and well refrigerated. To
assess intra-observer variability evefygpecimen was measured twice and repeat measurement
was done by the resident pathologist conductingttiepsies as well as the first supervisor. The
nerve patterns were also photographed for verniindby one of the supervisors (Dr F. Butt), a

lecturer in Human anatomy department.
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2.13. ETHICAL CONSIDERATIONS

Ethical approval was obtained from the Kenyattadweati Hospital/ University of
Nairobi ethics and research committee (P112/03/2014

Informed consent was sought from the next of kiorgo the autopsy. This was done
days prior to the autopsy and was allowed condidertame to deliberate. Only cadavers
of the next of kin who gave informed consent wexauited and the next of kin were
allowed to withdraw the cadavers from the studgrat point without prejudice.
Information gathered from the study participants wept confidential.

All the raw data collected both hard and soft cepiere kept in a locked cabinet in the
department and password protected database bggbarcher. This was subsequently
destroyed upon completion of the study by incinerator hard copies and deletion for
softcopies.

Permission was sought from the University of Nairdepartments of Human Anatomy

and Human Pathology as well as the Kenyatta Ndtidoapital mortuary.
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CHAPTER 3

RESULTS

Twenty fresh cadavers were dissected (40 FNs) amiigh 12(60%) were male while 8(40%)
were females. The frequency of various branchinepss according to Davis et al. (1956)

classification was as illustrated in Fig. 1.3. Trhest frequent pattern was type | at 25% while

type V 5% having been least frequent.

10(25%)
9(22.5%)

7(17.5%)
6(15%) 6(15%)
I I B l

Based on Davis cIa55|f|cat|on oﬂl)ranchlng patterns

frequency

Fig. 1.3. Distribution of branching pattern (Davis et al classification [-V1)

Comparison of the branching pattern was done betwee genders( Fig. 2.3) and Kruskal-
Walllis H test showed that there was a no statibficagnificant difference in the branching

patterns between the genders (Davies et al. alzetsoin I-V1), y2(1) = 1.127, p = .288.
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B male ®mfemale

no of FNs

| [ - v vV VI
Based on Davis classification

Fig 2.3. Thedistribution of branching patter ns according to gender

The various types of branching patterns (Davieal €1956) classification were photographed
and documented demonstrating the various levetowiplexity in the anastomo&isType | had

no anastomosis between the branches while type adl the most intricate pattern with
anastomosis among all the branches except thecekrvihe distribution of the branching
patterns (Davis et al. classification) accordingside was compared as demonstrated in Table

1.3.
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Table 1.3. Distribution of branching patterns by side.

Right Left

Branching pattern

I 5 5
Il 4 5
1 3 4
A 4 2
\% 1 1
VI 3 3

The FN trunk was found to branch into two (bifurca) in 32 (80%) of the cases and three
(trifurcation) in 8 (20%) cases. No case of quachifon was noted in this study. In males , 19
(79%) of the FNs bifurcated, while 5 (20.8%) trdated (n=24). In females 13 (81.25%) FNs
bifurcated , while 3 (18.75%) trifurcated (n=16)sd®wn in Fig. 8.3. One case of a minor trunk
emerging from the stylomastoid foramen was obsef¥#gl 9.3) which anastomosed with the
temporal branch of the FN. Eleven (55%) of the gadahad similar branching patterns between
the right and the left sides, while 9 (45%) hadidislar patterns. On furcation of the main trunk,
14(70%) cadavers had similar furcation type betwbenright and left sides while 6 (30%) had

different types.
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Table 2.3. Wilcoxon signed rank test for branching patterns (Davies et al classification |-

V1) and bifurcation of main trunk.

Side
L eft Right

M SD M SD -Ranks +Ranks Ties Z P
Branching pattern
(Davies et al 280 182 3.0 181 6 3 11 -.660 .509
classification I-VI)
Bifurcation of

215 .37 225 44 2 4 14 -.816 414

main trunk

On comparison between the branching patterns orrigine with the left sides, a Wilcoxon
signed-rank test did not elicit any statisticallgrsficant change in the left and right side
branching patternZ( = -.660,p = .509). Similarly no statistically significant ahge in the left

and right side bifurcation of the main trunk=£ -.816,p = .414) was elicited.

Various measurements were performed of the morptrameharacteristics of the FN. The
length of the nerve was 16.14 mm(+/- 3.28), distainom the TP was 9.87mm(+/- 2.41), TMS
5.81 mm(+/- 1.28), EAM 15.64 mm(+/- 2.74), PBDM08. mm(+/-1.78), styloid process
16.48mm(+/- 5.47),TMJ 22.55 mm((+/- 1.99) and angfldhe mandible37.98 mm (+/- 4.45).
The styloid process was missing in 9 (22.9%) of lieenifacial dissections. Table 3.3 shows

these descriptive data.
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Table 3.3. Descriptive statistics of the mor phometric data.

Statistics
Variable N M SEM SD Variance Range
Length of trunk 40 16.14 .52 3.28 10.77 11.00
(mm)
TP 40 9.87 .38 241 5.80 11.90
T™MS 40 5.81 .20 1.28 1.64 6.00
EAM 40 15.64 43 2.74 7.50 12.00
PBDM 40 8.09 .28 1.78 3.15 7.0
Styloid process 31 16.48 .98 5.47 29.98 22.50
T™J 40 22.55 31 1.99 3.95 7.00
Angle of mandible 40 3798 .70 4.45 19.77 18.00
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Comparison of the morphometric data between thbtrand left sides showed minimal
differences in the means and standard deviatisha#n in Table 4.3. The mean lengths of the
trunk were closely related between the 2 sides avitlean on the right of having been 16.15 mm
compared to 16.13mm on the left side. On the dtlaed the angle of the mandible showed the
biggest difference in the mean distance of 36.95 ennthe left as compared to 39 mm on the
right side with a SD of 4.76 on the left and 3.96 the right which was statistically

significant(p=.020).

Table4.3. Descriptive statistics of the left and right side variables

Statistics
L eft Side Right side t-test
N M SD N M SD P

Length of trunk 20 16.13 3.09 20 16.15 3.55 .965
(mm)

TP 20 9.83 2.94 20 9.90 1.80 .893
T™MS 20 5.75 1.26 20 5.88 1.33 .555
EAM 20 16.03 2.74 20 15.25 2.75 .088
PBDM 20 8.05 1.79 20 8.13 181 .830
Styloid process 15 16.20 5.52 16 16.75 5.60 .862
T™J 20 22.40 2.04 20 22.70 1.98 .560
Angle of mandible 20 36.95 4.76 20 39.00 3.96 .020*

*P<.05
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Comparison of variables across gender

Independent sample t Test was used to analysedfteeedce of the various measurements across
the genders. The results showed no statisticaliyifstant differences in the length of the trunk

as well as distance from the various landmarkssacgender as shown in Table 5.3.

Table5.3: Results of Independent Sample T Test for variables by gender.

Gender
95% ClI for
Mean

Male Female Difference
Variables n M SD N M SD Lower Upper daf T p
Lengthof 16 16.38 3.24 24 15.983.37 -1.77  2.56 38 0.370 0.714
trunk
TP 16 10.06 2.08 24 9.73 2.64 -1.26 1.92 38 0.419 0.678
TMS 16 5.78 1.05 24 583 1.43 -0.90 0.79 38 -0.125 0.902
EAM 16 15.97 2.19 24 1542 3.08 -1.25 2.36 38 0.620 0.539
PBDM 16 8.16 1.67 24 8.04 1.88 -1.06 1.29 38 0.197 0.845
Styloid 12 16.58 6.00 19 16.42 5.28 -4.04 4.36 29 0.079 0.938
process
T™J 16 22.69 2.02 24 2246 2.00 -1.08 154 38 0.353 0.726
Angle of 16 38.13 4.32 24 37.88 4.62 -2.69 3.19 38 0.172 0.864
mandible
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Correlation between theleft and right attributes

A Spearman’s rank-order correlation was used tieriiéne the relationship between the left and
right side branching pattern of the FN. There wassitive correlation between the left and right
side branching pattern which was statistically gigant (rs = .643,p = .002). A Spearman’s
rank-order correlation was used to determine thaiomship between the left side bifurcation of
the main trunk and the right side bifurcation o thain trunk. There was a positive correlation
between the left and right side bifurcation of thmin trunk which was not statistically

significant (s = .081,p = .735).

The Pearson correlation test (Table 6.3) betweendft and right side variables showed that
there was a positive correlation which was stagdiiy significant in the length of the trunk

(.000), TP (.003), TMS (.000) EAM (.000), styloidopess (.000), PDMS (.003) and angle of the
mandible (.001).The TMJ did not show a statisticalgnificant correlation between the left and

right FNs.
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Table6.3. Association between Left Side Attributes and Right Side Attributes

Pear son Product-M oment Correlation

Attribute Coefficient, r P

Length of trunk (mm) 27 .000

Distance of trunk from (mm)

TP .628** .003

T™MS 743 .000

EAM 753** .000

PBDM .633** .003
Styloid process .691** .004
T™J .365 114
Angle of mandible B73** .001

**p < .05
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CHAPTER 4

4.1 DISCUSSION

The FN is highly varied and complex in its extrezporal course. Various studies dating as early
as in the 1930s have illustrated this varied angtdrt. This study confirms the variations in the
anatomy of the extracranial FN in a Kenyan popaiatit demonstrates the various divisions and
anastomotic patterns of the FN branches that aesuargvill encounter in the parotid and

retromandibular regions. As described by differaathors™ ** 23

it is difficult to classify the
patterns in rigid models as described by the Davi classificatiof and, therefore, the closest
pattern was taken for classification. This coukbdtave had an influence in the findings as these
classifications are not always reproducible. Thare numerous classifications as different
authors attempt to come up with accurate and fdeliglarameters. This, therefore, renders
comparisons between different studies and populaitomplex. Earlier studies by Davis et al. in
1956, showed the highest frequency of mainly tipe tyl (28%) patterfhi Our study found type |
(25%) to have been the commonest type comparedatasi®t al. who found a frequency of
13%. Types Il and Il closely followed with frequaes of 22.5 and 17.5%, respectively as
compared to Davis et al. at 20% and 28%, respédygtiVdie least common types found in this
study were types IV, V and VI at 15%, 5% and 15&spectively. Similarly, types V and VI
were also the least common types in the Davis.edtatly at 9 and 6%, respectively, while the

frequency of type IV was 24%. However, the fragryeof these branching patterns shows a

wide variation as documented by different auttftr’s*>4°

The frequency of type | (25%) was found to havenbbrgher than in some of the previous

studies® ** 22 Kopuz et al. (1994) found a frequency of 24% \mhicas almost similar to this
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study while Park and Lee (1997) found type | toehheen among the least common at 6:3%

In their study the dissection was extended tcetitee face and they found anastomosis distal to
the parotid gland parenchyma. The study also irwatpd the use of a microscope to identify
micro- anastomosis invisible to the naked'@y&his was also similar to a study by Kwak et al.
(2004) who did not find any pattern without comnuation although they used a different
classification type and used microscopic dissectiechniqué. However, in our study the
dissection did not extend to the entire face amiic@oscope was not utilized in the dissection
which could possibly explain the higher incidendettee straight branching pattern. Lack of
anastomosis exhibited in type | would lead to eh&igincidence of FN paralysis if one of the
branches was injured. The frequency of type |l careg favorably with Davis et al.(1956) who
found a frequency of 20%. Myint et al.(1992) fouadrequency of 15.19%, while Katz and
Katalano found 14%52%. Type Il could allow for the sacrifice of one tbfe branches of the

temporozygomatic loop without permanent damage

The type Il frequency of 17.5% was comparativadwér than most studies. Bernstein et al.
(1984) reported 25% in a Caucasian population,enviiyint et al.(1992) reported 34.18% and
Park & Lee (1977) reported 33.4% among the Malaysend Korean populations
respectively’?**! The frequency of Type IV was found to have beBfbin this study. This
compared well with studies by Katz & Katalano (1p&ho found a frequency of 14%; Myint et
al.(1992) reported 18.98% while Bernstein et aBd)9reported 199%4° *** Types IIl and IV
each have more elaborate branching patterns whah afiow for the sacrifice of the buccal
branches. Type V was the least common (5%) andishia tandem with reports by other

authors’ findings which all ranged between 3%%s " 22 Type V, although showing extensive
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anastomosis in the upper part of the face, it lkmsadditional contribution to the mandibular

branch. Thus, surgeons should take precautionrgesy of the mandibular region.

The present study found a frequency of 15% in typdn comparison Davis et al. (1956) had a
lower frequency of 6% while other studies rangetiveen 12.67 to 17.1% in tandem with our
study. Type VI had the most complicated patterdaitastomosis between every branch except
the cervical one. This complex anastomotic patieould lead to less incidences of facial
paralysis in case of iatrogenic injury to any o€ thranches. . However, no studies have
attempted to compare the incidence of FN paraligiswing damage to the branches and
branching types in the same population. Tempordlraandibular branches of the FN are most

prone to injury because they rarely have any anassis with other branches of the nefte

Racial differences have been demonstrated in freziee of various types between Asians and
Caucasian$® ** 3 When compared with the studies done in differaces, the present study
shows that type | was the most frequent patterdren@aucasian and Asian studreported a

higher frequency of type Iff 1*4°:

The FN was found to bifurcate in 80% of the casethis study. Studies by Ekinci et al.(1999),
Kalaycioglu et al.(2014) and Kopuz et al.(1994) ladilar findings with bifurcation of 81.4,
81.3, 82%, respectively”® This is in contrast with Davis et al.(1956) andt&and Catalano
(1987) who reported 100% bifurcation while Myintadt(1992) reported 96.2% and Salame et
al.(2002) reported 97.8%'**Trifurcation in the present study was observe@0f% of the
cases compared to other studies which reportedirdafion of 18.6, 18.8, and 18%,

respectively” %
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Bilateral comparison for the FN branching patterd dot elicit any significant difference
between the right and left sides. Eleven cases wendar while 9 had different patterns.
Similarly on furcation of the main trunk, 14 weramgar while 6 were not. There was no
significant difference between the left and rigiakesfurcation types. The results from this study
tallies with Kopuz et al. (1994) andalaycioslu et al. (2014) on bilateral configuratiofs”
There was a statistically significant positive etation between the right and left side branching
pattern. Previous studies had not attempted teelzder the bilateral configuration. This could be
of surgical relevance in case of bilateral surgpracedures in order to predict the opposite side
configurations. However, on furcation types theraswpositive correlation which was not
significant. In an attempt to demonstrate the iicance of these differences, an Iranian study
suggested that variability in the branching pateof the nerve creates variability in facial

animation, both between patients and ethnic grampisbetween the sides of the fi&ce

The length of the FN trunk was found to have be6ri3(+/- 3.28) mm and there was no
statistical difference between the right and lefes. Different authors have found varied lengths
of the FN; Salame et al. (2002) reported 16.44mmwalk et al. (2004) reported 13.0mm,
Nishanti et al. (2006) reported 18.51mm and Hogtoreed(1996) 21mm*®?*4° The average
length from the literature reviewed was 15.05 mimese differences could partly be attributed
to the nature of the different studies as some waralready fixed cadavers and others were on
live patients during parotidectomies. The curreatlg was on fresh cadavers and tissue changes
were, therefore, minimal. Previous authors havetasized the importance of knowledge of the
FN trunk length and its relevance in performingggtal anastomosis and nerve grafts There

are no studies showing significant racial diffeesién FN trunk length. There were also no

statistical differences between the genders inikeapith previous studié$ *’
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Identifying relationships between the main trunktteé FN and its network of branches to soft
tissues and bony fixed points contributes to saésthetic and reconstructive technid@eBhere

are several landmarks used in the location of tNedEring surgery with differing accuracy.
Various authors have found very varied values fone of these landmarks. The distance of the
FN trunk to the PBDM was found to have been 8.09mrthe present study. In comparison,
Pather et al. (2006) found it to have been 14.6 anoh Rea et al (2010 found 5.5 Afrff. The
PBDM has the advantage of lying in the same plantha FN trunk and also easy to identify,
hence very helpful in tracing the nerve. The refeeepoint on the muscle also has an impact on
the measurement3he nerve is also prone to distortion dependingh@namount of traction
applied on the tissues and even the positioninthefneck. For studies done during surgical
procedures such as parotidectomies, pathologidsasitumours may apply tension on the nerve
and cause some degree of distortion. These paibalogurgical conditions may also affect the

anatomy and configuration of soft tissue landmatksh as the PBDM.

The TMS though a hard tissue structure also exhibétried dimensions with a range from
2.1mm to 10mrf % This study found it at 5.81 mm from the FN truifke results of several
studies showed that the nerve lies within 2.5, &8Bor 0.5-1 mm or 3 mm medial to, or deep to
the end of the TM$* 26282930t is stated as being easily identifiable, itsifion is constant and
its relation to the FN is reliable and allows foetnerve to be identified close to the foramen
where it is least subject to displaceminithe TP has been described in some texts as the mo
reliable landmark in FN identification but from tis¢udies reviewed, it demonstrates similar
inconsistencie¥. This study found the TP to have been 9.87+/-2mrom the FN trunk which

was close to Nishanti et al. (2006) at 10.008+A&&. However, Rea et al. (2010) found a
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value of 6.9mm while Pather et al. (2006) founch@@?* > ?° The TP has blunt and obtuse tips

and different researchers use the different paihteference for the measureménts’

The distance between the FN trunk and the angleeomandible was found to have been 37.98
mm which was similar to the report by Pather ef{2006) 38.1mm, Davis et al. (1956) 32mm
and McCormack et al. (1945) 34mm in Caucaidmé Asian studies reperted a shorter
dimension with Myint et al. (1992) reporting 28.06mand Park and Lee (1977) reporting
28.8mm™® % Myint et al. (1992) postulated that a longetatise between the bifurcation of the
facial nerve and the angle of the mandible in Caiares could be due to a larger stature, a bigger
and stronger jaw or a combination of both factarthem when compared to AsiahsThe racial
difference between the Kenyan African and Asianybaion may be due to the larger stature of

Kenyan Africans compared to Asians.

The most varied landmarks were the styloid procé&ks. present study found it at 16.48 mm
compared with Pather et al. (2006) who found @.8mm? This is attributed to its variations in
anatomy”®. The angle of the mandible is difficult to measa=eit is blunt and rounded and,
therefore, not easily reproducible. The most conasgect- the gonion was selected but as a
derived point, it is prone to errors in reprodultifpi It had the widest range of 18- 45mm;

Pather et al. (20086) in their study had an equaitie range of 25.3 to 48.69 nim

There were no statistically significant differen@eshe comparison of these landmarks between
the right and left sides. The gender distribusbowed a slight increase in the distance of some
of the landmarks although it was not statisticalignificant. This is in tandem with studies by
Rea et al (2010), Kopuz et al. (1994) and Kalaylciag al.(2014) "% The slight increase in

the morphometric parameters may be due to therdifte in stature between the genders and
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hence the proportionate increase in these dimesnskbowever, there was correlation in some of
the surgical landmarks between the left and rigi¢sswith the TP, TMS, EAM, PBDM and

angle of the mandible having been significant. Tdaa be of great importance during bilateral
surgical procedures in locating the FN. Previougliss reviewed have not described these

correlations

Standard deviations of these landmarks were cordpamne the more reliable were the TMS
(1.28), PBDM (1.78) and TP (2.41). Less reliabledimarks were the styloid process (5.47) and
angle of the mandible (4.45). The styloid process én inconsistent anatomy in shape, size and
curvature. It was also found to have been missing2.5% of this population hence it is most
unreliable. It also lies in a plane deeper to tNealRd, therefore, is of little help in identifyinige
nervé™ 3 This is in tandem with previous studies which dv@emonstrated a missing styloid
process in up to 30% of the ca¥es study by Rea et al. (2010) also found the TM@ifgibeen

the most reliable landmark with a SD of 0.4 follalvey TP 1.7, EAM 1.8 and PBDM 1%.
Nishanti found TP as the most reliable with a S[2 &4, followed by the EAM 2.98 and TMJ
3.282% Pather et al. (2010) found the PBDM to have hbermost reliable landmark with a SD
of 0.31, followed by the TMS 0.38, EAM 0.35 and UB7. These studies demonstrate wide
ranges in some of the measurements indicating teitoducibility and reliability errors. Some
researchers use the bifurcation point while otlhisesthe closest distance between the landmark

and the nerg.
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4.2 CONCLUSIONS

The current study establishes variations of anatahpiatterns of the extratemporal FN in a black
Kenyan population. It has shown that type | aceuydio Davis et al. (1956) classificatidn
branching pattern is the commonest. In additior, TMS and PBDM were the most accurate

landmarks in FN trunk identification.
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4.3 RECOMMENDATIONS

The study recommends that the TMS and PBDM canskd as landmarks for identification of

the FN during surgery.
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Appendix 1

118 3131 IVA Ive

Classification of FN branching pattern based oinrtrank by Katz & Catalard.
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Appendix 2

Comparison of FN branching patterns according tz aCataland® classificatiorl

(%) frequency



Appendix 3

Tempora

Zygomatic

Maginal mandidular

Cervica

13.8% 44.8% 17.3%

Categories of the branching patterns of the FN r@teg to the origin of the buccal branch

by Kwak et al.
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Appendix 4

Data collection chart

Index number:

Right Left
Gender: M F
Side Right Left

Branching pattern(Davis et al

classification I-VI)

Bifurcation of main trunk

Length of trunk(mm)

Distance of trunk from (mm)

I.  Tragal pointer

ii.  Tympanomastoid suture

lii.  External auditory meatus

Iv. Posterior belly of digastric

v. Styloid process

vi. Temporomandibular joint

vii.  Angle of mandible
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Appendix 5

PARTICIPANT INFORMATION AND CONSENT FORM

ADULT CONSENT

FOR ENROLLMENT IN THE STUDY

¢, <
q S
Ly HEALTR S

UNIVERSITY OF NAIROBI KENYATTA NATIONAL HOSPITAL
COLLEGE OF HEALTH SCIENCES P O BOX 20723 Code 00202

P O BOX 19676 Code 00202 KNH/UON-ERC Tel: 726300-9

Telegrams: varsity Email: uonknh_erc@uonbi.ac.ke Fax: 725272

(254-020) 2726300 Ext 44355 Website: www.uonbi.ac.ke Telegrams: MEDSUP, Nairobi

Link: www.uonbi.ac.ke/activitiess KNHUoN

Title of Study: Extracranial facial nerve anatomical pattern variationsin a Kenyan

population

Principal Investigator: Dr Mutahi Francis Thuku

Institutional affiliation: University of Nairobi

I ntroduction:

I would like to tell you about a study being contitby above researcher. The purpose of this

consent form is to give you information to help yarcide whether or not to give consent as next
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of kin to perform the study on the deceased. Plesddree to ask any questions about the
purpose of the research, what happens to the dateathe study and possible risks or benefits.
When we have answered all questions to your satisfg you may decide to give consent to the
study or not. This process is called 'informed emtis We will give you a copy of this form for

your records.

May | continue? YES/NO

The study has an ERC approval............ccoviiiiiiiiiiiiiiici e

WHAT ISTHISSTUDY ABOUT

The researchers will be examining facial nervehindeceased during post mortem .The purpose
of this study is to establish variations of facialve pattern among Kenyans. Limited studies
have been done on African population and nonersorféhe Kenyan population. There will be
approximately forty participants in this study randy chosen. We are asking for your consent

to consider participating in this study.

WHAT WILL HAPPEN IF YOU GIVE CONSENT TO THE STUDY

If you agree to participate in this study, theduling things will happen:

In order to carry out the study, access to theafamrve is required. In agreeing, a conservative
incision around the side of the face and neckgsired; dissection to expose the nerve and
various measurements and digital photographs afi¢iee will be taken. The tissues will be
placed back to close to original position as pdsesnd the incision will then be stitched

appropriately. No specimen will be taken from tloelyn
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ARE THERE ANY RISKS, DISCOMFORTSASSOCIATED WITH THISSTUDY?

One potential risk of being in the study is lospo¥acy. We will keep everything we obtain be
it in form of data or photographs as confidentmpassible. We will use a code number to
identify you in a password-protected computer dasatand will keep all of our paper records in
a locked file cabinet. Upon completion of the stuittyg data both hard and softcopies will be
destroyed. However, no system of protecting youfidentiality can be completely secure so it
is still possible that someone could find out yaersvin this study and could find out information

about the deceased.

The study will involve making an extra incision anal the side of face not routinely done during
autopsies. This may lead to some minor distorticth® area being studied. However no

specimen will be collected and all tissues willdi¢ in the body.

ARE THERE ANY BENEFITSBEING IN THISSTUDY?

The information gathered here will bridge knowledge in the Kenyan population about facial
nerve, and also assist in conducting surgerielBeofdcial region and reduce facial nerve injuries

during surgery.

Participation in this study will not result in afigancial benefits.

The information obtained may be used in improviagyeal treatment in patients presenting

with diseases, trauma or deformities of the heabretk region.

WILL BEING IN THISSTUDY COST YOU ANYTHING?

No, the study will not cost you anything.
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WHAT IF YOU HAVE QUESTIONSIN FUTURE?

If you have further questions or concerns aboui@pating, please call or send a send a text

message to the study staff at the number provitdteaottom of this page.

For more information about the rights of the deedaass a research participant you may contact
the Chairperson, Kenyatta National Hospital/Uniitgrsf Nairobi Research and Ethics

Committee, Prof. A.N Guantai at Tel N0.2726300 e44355/44102.

The study staff will pay you back for your chargeshese numbers if the call is for study-

related communication.

WHAT ARE YOUR OTHER CHOICES?

Your decision to allow the deceased participatesgearch is voluntary. You are free to decline
participation in the study and you can withdraw dlieeeased from the study at any time without

injustice or loss of any benefits.

1. Dr Francis Thuku Mutahi (investigator): cell 3287126, emailhukufrancis@yahoo.com

2. Dr Fawzia Butt (supervisor) cell 0722703347, grfsavziamaxfax@gmail.com

3. Kenyatta national hospital/ university of Nairethics and research committee, P.O. Box

20723, tel 726300-9, em&NHplan@ken.healthnet.org
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CONSENT FORM

Next of kin statement

| have read this consent form. | have had the ah&mdiscuss this research study with a study
counselor. | have had my questions answered ingukge that | understand. The risks and
benefits have been explained to me. | understaatdodrticipation in this study is voluntary and
that | may choose to withdraw assent for deceaaddtpation any time. | freely agree to allow

the deceased be a participant in this researcly.stud

| understand that all efforts will be made to ked@prmation regarding personal identity of the

deceased confidential.

By signing this consent form, | have not given ay af the legal rights of the deceased as a

participant in a research study.

| agree to let deceased participate in this rebestray: Yes No

Next of kin signature / Thumb stamp

Date

Next of kin printed name:
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L,
q »
Ly HEALTR S

UNIVERSITY OF NAIROBI KENYATTA NATIONAL HOSPITAL
COLLEGE OF HEALTH SCIENCES P O BOX 20723 Code 00202

P O BOX 19676 Code 00202 KNH/UON-ERC Te: 726300-9

Telegrams: varsity Email: uonknh_erc@uonbi.ac.ke Fax: 725272

(254-020) 2726300 Ext 44355 Website: www.uonbi.ac.ke Telegrams: MEDSUP, Nairobi

Link: www.uonbi.ac.ke/activitiess KNHUoN

Kiswahili consent form

FOMU YA RIDHAA

Mada: Utafiti kuhusu nevi ya uso katika jamii ya Wakenya

Mtafiti mkuu: Francis Thuku Mutahi

Taasis ya utafiti: Chuo Kikuu cha Nairobi

Utambulisho:

Ningependa kukuelezea kuhusu utafiti unaofanywaadetajwa hapo juu. Lengo la fomu hii ya
ridhaa ni kukufahamisha yale utakayohitajika kujulukusaidia kuamua kutoa ridhaa kwa
mwili wa marehemu kushiriki katika utafiti huu. Umeza kuuliza maswali kuhusu yale

utakayohitajika kufanya, athari zozote, manufasomna haki zako kama mshirika.
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Unaporidhika na majibu unaweza kuamua kushirikkatioshiriki katika utafiti huu. Hii inaitwa

ridhaa ya kujua. Tutakupa nakala ya fomu hii iilwgke.je, ninaweza kuendelea?

NDIO/ LA

Utafiti huu umekubaliwa na ERC

UTAFITI HUU UNAHUSU NINI?

Watafiti waliotajwa hapo juu wanafanya utafiti mauiha tofauti tofauti ya nevi ya uso katikati

ya WaKenya. Ni utafiti unaofanywa kwa wafu waka# wpasuaji wa kuelezea kiiini cha kifo.

Kutakuwa na washirika takriban 40 katika utafituhwote watakaochaguliwa bila kufuata

muundo wowote. Hili ni ombi kwako ukubali kushirikatika utafiti huu.

TARATIBU ZITAKAZOFUATWA ENDAPO UTAKUBALI KUSHIRIKI KATIKA

UTAFITI HUU

Endapo utakubali kushiriki kwenya utafiti huu, yafayo yatafanyika kwa mwili wa marehemu

Wakati wa upasuaji kujua kiini ya maafa, tutafanpasuaji kidogo wa uso ili kufuatilia chanzo
cha, ugawanyifu, vipimo vya urefu vya hii nevi kelaingo na uso. Kisha tutachukua picha ya
hiyo nevi hiyo na hatimaye tutashona mahali hapa ktaratibu ili pasionekane lawama lolote.

Hakuna sampuli yoyote tutachukua katika mwili wareh@mu na kila kitu tutarejesha vile vile.
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JE KUNA MAADHARA, MATATIZO NA ADHA ZOZOTE KUHUSU UTAFITI HUU?

Tatizo moja linaloweza kutokea ni kutokuwa na g&rihabari. Tutahakikisha habari zote
zinazopatikana wakati wa mahojiano zitahifadhiwamg na kwa siri. Tutatumia kodi
kukuwakilisha katika kompyuta iliyohifadhiwa na mekificho na karatasi zote zinahifadhiwa
wema kwa kufungwa mbali. Hata hivyo hatuwezi seatavweza kuficha habari kabisa kwa

hivyo ushirikiano wako katika utafiti huu bado ureza kugunduliwa na mtu.

JE KUNA FAIDA ZOZOTE ZA KUSHIRIKI KWENYE UTAFITI HUU?

Endapo utakubali marehemu kushiriki kwenye uthfitii, hakuna faida yoyote ya kibinafsi.

habari zenye utatuelezea zitatusaidia kufahamwfeniga upasuaji wa uso na shingo.

GHARAMA

Kushirikiana katika utafiti huu haitakuongezea gimaa yoyote.

JE UTARUDISHWA PESA ZOZOTE UTAKAZOTUMIA KATIKA UTAFITI HUU?

Hakuna pesa zozote utapokea kwa kukabali marehefanywa utafiti huu.

JE UTAKAPOKUWA NA MASWALI BAADAYE?

Utakapokuwa na maswali yoyote baadaye tafadhak gignu au kutuma ujumbe kwa namba

iliyo hapo mwishowe.
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Kwa mahojiano zaidi kuhusu haki zako kama mshuk@weza kuuliza mkuu wa Kamati ya
Utafiti na Maadili ya Hospitali Kuu ya Kenyatta/ Gt Kikuu cha Nairobi (KNH/UON Research

and Ethics Committee), Prof. A.N. Guantai, nambaigau 2726300 ext 44355/44102.

JE UNAWEZA KUFANYA LOLOTE LINGINE?

Uamuzi wakokupeana idhini mwili wa marehemu kughkatika utafiti huu ni kwa hiari yako.

Unaweza kukataa idhini kushiriki au kujitoa wakatwote bila kufanyiwa lolote.

1. Dr Francis Thuku Mutahi (mtafiti): nambari yansi 0723297126, barua pepe

thukufrancis@yahoo.com

2. Dr Fawzia Butt (msimamizi) nambari ya simu 0722347, barua pepe

fawziamaxfax@agmail.com

3. Kamati ya Utafiti na Maadili ya Hospitali Kuu ¥&enyatta/ Chuo Kikuu cha Nairobi
(KNH/UON Research and Ethics Committee), anwank3)hambari ya simu 0726300-9, barua

pepeKNHplan@ken.healthnet.org
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FOMU YA RIDHAA

Tangazo la mshiriki

Nimesoma fomu hii ya ridhaa na nimeweza kuongeamaji/mtafiti kuihusu. Nimepata majibu
ya maswali yangu katika lugha ninayofahamu sawaskhmeelezwa manufaa na maadhara
yote. Ninaelewa ushirikiano wa marehemu katikaititadiu ni wa kujitolea na ninaweza

kumwondoa wakati wowote. Ninakubali ashiriki katikzfiti huu.

Ninaelewa mtajaribu kuhifadhi habari za marehemaozote zingine ziwe siri.

Kwa kuweka sahihi katika fomu hii, sijawachilia halh marehemu kama mshirika katika utafiti.

Ninakubali marehemu kushiriki katika utafiti huu. Ndio la

Nimekubali kupeana namba yangu ya simu kutumiwaakiuna jambo lolote la kuulizia

baadaye. Ndio la

Sahihi ya ndugu ya marehemu/ alama ya kidole

Tarehe :

Jina la ndugu wa marehemu :

Tangazo la mtafiti

Mimi mtafiti nimemwelezea mshiriki mambo yote kubugafiti huu. Mshiriki aliyetajwa hapo

juu na amefahamu mambo yote na kujitolea hiamdrehemu awe mshiriki katika utafiti huu.
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Jina la mtafiti:

Tarehe :

Sahihi ya mtafiti

Wajibu katika utafiti :

Kwa habari zozote zaidi tafadhali ongea na Dr. Esaihuku aliye katika Chuo Kikuu cha
Nairobi/ Hospitali kuu ya Kenyatta, namba ya sin®5473297126 kati ya saa mbili asubuhi na

saa kumi na moja jioni.

Jina la shahidi (KUChapiSNWaA) ............co oo

Jina

Namba ya simu

Sahihi / alama ya kidole :

Tarehe :
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UNIVERSITY OF NAIROBI KENYATTA NATIONAL HOSPITAL
COLLEGE OF HEALTH SCIENCES P O BOX 20723 Code 00202
P O BOX 19676 Code 00202 KNH/UON-ERC Tel: 726300-9
Telegrams: varsity Email: uonknh_erc@uonbi.ac.ke Fax: 725272
(254-020) 2726300 Ext 44355 Website: http://erc.uonbi.ac.ke Telegrams: MEDSUP, Nairobi
Facebook: https:// facebook erc

Twitter: @UONKNH_ERC https:/itwitter.com/UONKNH_ERC

Ref: KNH-ERC/A/185

Francis Mutahi Thuku
Dept of Oral and Maxillofacial Surgery
School of Dental Sciences

University of Nairobi
Dear Francis

Research Proposal: Extracranial facial Nerve Anatomic Pattern variations in a l@ﬁﬁﬁ?opulation
(P112/03/2015)

This is to inform you that the KNH/UoN-Ethics & Research Committee (KNH/UoN-ERC) has reviewed
and approved your above proposal. The approval periods are 22" April 2015 to 21st April 2016.

This approval is subject to compliance with the following requirements:

a) Only approved documents (informed consents, study instruments, advertising materials etc) will be used.

b) All changes (amendments, deviations, violations etc) are submitted for review and approval by KNH/UoN
ERC before implementation.

c) Death and life threatening problems and severe adverse events (SAEs) or unexpected adverse events
whether related or unrelated to the study must be reported to the KNH/UoN ERC within 72 hours of
notification.

d) Any changes, anticipated or otherwise that may increase the risks or affect safety or welfare of study
participants and others or affect the integrity of the research must be reported to KNH/UoN ERC within 72
hours.

e) Submission of a request for renewal of approval at least 60 days prior to expiry of the approval period.
(Attach a comprehensive progress report to support the renewal).

f)  Clearance for export of biological specimens must be obtained from KNH/UoN-Ethics & Research
Committee for each batch of shipment.

g) Submission of an executive summary report within 90 days upon completion of the study
This information will form part of the data base that will be consulted in future when processing related
research studies so as to minimize chances of study duplication and/or plagiarism.

For more details consult the KNH/UoN ERC website www.erc.uonbi.ac.ke

70



SECRETARY, KNH/UON-ERC

Gi6s The Principal, College of Health Sciences, UoN
The Deputy Director CS, KNH
The Chair, KNH/UoN-ERC
The Dean School of Dental Sciences, UoN

The Chair, Dept of Oral and Maxilloficial Surgery, Oral Pathology and Oral Medicine, UoN
Supervisors: Dr. Fawzia Butt, Prof. Symon W. Guthua, Prof. Mark L. Chindia
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