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OBJECTIVE: The goal of this study was to determine the various anatomical and surgical relationships between the facial and hypoglossal nerves to define the required length
of each for a nerve transfer, either by means of a classical hypoglossal-facial nerve anastomosis or combined with any of its variants developed to reduce tongue morbidities.
METHODS: Five adult cadaver heads were bilaterally dissected in the parotid and submaxillary regions. Two clinical cases are described for illustration.
RESULTS: The prebifurcation extracranial facial nerve is found 4.82 ⫾ 0.88 mm from
the external auditory meatus, 5.31 ⫾ 1.50 mm from the mastoid tip, 15.65 ⫾ 0.85 mm
from the lateral end of C1, 17.19 ⫾ 1.64 mm from the border of the mandible condyle,
and 4.86 ⫾ 1.29 mm from the digastric muscle. The average lengths of the mastoid segment of the facial nerve and the prebifurcation extracranial facial nerve are 16.35 ⫾
1.21 mm and 18.93 ⫾ 1.41 mm, respectively. The average distance from the bifurcation of the facial nerve to the hypoglossal nerve turn is 31.56 ⫾ 2.53 mm. For a direct
hypoglossal-facial nerve anastomosis, a length of approximately 19 mm of the hypoglossal nerve is required. For the interposition nerve graft technique, a 35 mm-long graft is
required. For the technique using a longitudinally dissected hypoglossal nerve, an average length of 31.56 mm is required. Exposure of the facial nerve within the mastoid
process drilling technique requires 16.35 mm of drilling.
CONCLUSION: This study attempts to establish the exact graft, dissection within the
hypoglossal nerve, and mastoid drilling requirements for hypoglossal to facial nerve
transfer.
KEY WORDS: Facial reanimation, Hypoglossal-facial anastomosis, Hypoglossal nerve
Neurosurgery 61:ONS-41–ONS-50, 2007

F

unctional preservation of the facial nerve during removal
of lesions along its course has been of considerable concern
for surgeons approaching tumors at the base of the cranium. In spite of the striking development in surgical techniques during the second half of the 20th century and the
remarkable improvement in morbidity and mortality of many
tumor excision procedures, facial paralysis is not an uncommon postoperative event.
Since 1904, when Korte (10) performed the first facial reanimation surgery (Fig. 1A), multiple techniques have been
described with the same purpose, the most widely used to date
being the classical hypoglossal-facial nerve anastomosis (11,
12, 15–18, 20, 23). Basic morbidities of this technique are related
to hypoglossal nerve section, producing moderately severe
swallowing and speech disorders. Over the past two decades,
however, many variants of this procedure have been specifically developed to reduce morbidity after complete hypoglossal nerve section (1, 4, 6, 13, 14, 19) (Fig. 1, B–D).
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Other facial reanimation techniques, such as cross-facial anastomosis and variants (including the “babysitting” procedure),
gracillis free-transfer, masseteric-facial nerve transfer, and static
muscle transfers (23, 25, 26, 27) exist, but these do not involve the
use of the XIIth cranial nerve as the only axon donor and, thus,
are beyond the scope of this study. Our focus in this study is on
the anatomic and surgical relationships of the facial and
hypoglossal nerves given their relevance to determine the exposure length required in each technical variant. This would standardize the hypoglossal-facial nerve transfer and its variants,
allowing for an easier performance of these procedures.

MATERIALS AND METHODS
Laboratory Dissection
Five adult cadaver heads providing 10 facial nerves (Cranial Nerve
[CN] VII) and 10 hypoglossal nerves (CN XII) were fixed in formalin
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divisions. The portion of the facial nerve between the stylomastoid foramen and its bifurcation, referred to as prebifurcation extracranial facial nerve (PBEF), is inferior to the external
auditory meatus (EAM), medial and anterior to the mastoid
process, lateral to the styloid process, superior and anterior to
the atlas, and posterior to the mandible condyle (Fig. 2C).

Position of the PBEF Relative to the EAM
The EAM comprises two portions: an osseous internal portion and a fibrocartilaginous external portion. The fibrocartilaginous portion has two membranes, a cartilaginous and a
fibrous one. These are joined by their borders, forming a
complete canal. The cartilaginous membrane fills the inferior and anterior portions of the canal. In the samples studied, the average distance from the inferior border of the EAM
cartilage to the PBEF was 4.82 mm (range, 3.3–5.2 mm) (Fig.
3A, Line 1; Table 1).

Position of the PBEF Relative to the Mastoid
and Styloid Processes

FIGURE 1. A–D, illustrations showing different hypoglossal-facial nerve
transfer techniques. A, classical hypoglossal-facial nerve anastomosis. B,
interposition sural nerve graft between the hypoglossal and facial nerves.
C, longitudinal partial hypoglossal nerve dissection. D, facial nerve
drilling at the mastoid process and facial nerve transposition to the
hypoglossal nerve.

and injected with colored silicone. This cadaver material was provided
by the Anatomy Department of the University of Buenos Aires School
of Medicine. The technique applied for the injection of arteries and
veins was taught to one of the authors (AC) at the University of Florida
Anatomy Laboratory, directed by Professor Rhoton. Dissections of the
parotid and submaxillary regions were carried out in each specimen
under 6⫻ to 20⫻ magnification. Then, the different techniques of nerve
transfer from CN XII to CN VII were performed on the specimens. The
classical hypoglossal-facial nerve technique and the partial hypoglossal section were combined with interposition nerve graft, longitudinal
dissection of CN XII, or drilling of the facial nerve at the mastoid portion of the temporal bone. A precision caliber was used for measurements during and after dissections.

The temporal bone (os temporale) consists of five parts: the
squama (Squama temporalis), the petrous (Pars petrosa), the mastoid (Pars mastoidea) and the tympanic (Pars tympanica) parts,
and the styloid process (Processus styloideus). The mastoid part,
whose air cells vary in number between individuals, projects
downwards, forming the mastoid process. This projection of
the temporal bone serves for the attachment of such muscles as
Sternocleidomastoideus, Splenius capitis, Longissimus capitis, and
the posterior belly of the digastric muscle (from superficial to
deep). The occipital artery is located medial to the digastric
muscle. The average distance from the tip of the mastoid
process to the PBEF is 5.31 mm (range, 3.1–7.9 mm) (Fig. 3A,
Line 2; Table 1).
The styloid process constitutes a part of the hyoid system
and is a downward- and forward-pointed projection. This provides attachment to three muscles (Stylohyoideus, Styloglossus,
and Stylopharyngeus muscles) and two ligaments (the stylohyoid and stylomandibular ligaments). There is a shallow groove
behind and slightly outside the styloid process, and the stylomastoid foramen can be found at the back. After its emergence
from the stylomastoid foramen, the facial nerve has a downward and forward course through the styloid process.

Position of the PBEF Relative to the Atlas

The peripheral facial nerve consists of six portions: cisternal,
meatal, labyrinthine, tympanic, mastoid, and extracranial (from
proximal to distal). The extracranial portion begins where the
nerve exits the skull through the stylomastoid foramen into
the parotid gland to branch into the temporo- and cervicofacial

Given the absence of a body and a spinous process, the
atlas (i.e., the first cervical vertebra) differs from the other
cervical vertebrae. It consists of two lateral masses joined both
anteriorly and posteriorly by the anterior and posterior
arches, respectively. Two transverse processes are formed
from the external aspect of these lateral masses, whose function is to provide an attachment surface for powerful muscles.
It is mainly by virtue of this condition that these transverse
processes are relatively more developed here than in the other
cervical vertebrae. The transverse foramen (foramen transversarium), which is found at the base of the atlantal transverse
processes, provides a groove for the vertebral artery. Many
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FACIAL REANIMATION BY MEANS OF THE HYPOGLOSSAL NERVE

Position of the PBEF
and CN XII Relative to
the Digastric Muscle

B

A

3

The digastric muscle, also
known as digastricus, is a
2
long muscle consisting of
two bellies, an anterior and a
posterior one, joined by an
4
intermediate tendon. It has
a downward and forward
curved course from the
medial aspect of the mastoid
process, within the mastoid
notch, to the lower border of
the mandible body, within
the digastric fossa, with an
anteriorly and inferiorly
oblique direction. The superior border of the digastric
muscle is parallel to the
PBEF, and the average distance between them is 4.86
mm (range 2.3–6.4 mm) (Fig.
3B, Line 5 and Fig. 4C; Table
1). In its proximal course,
the hypoglossal nerve (CN
XII) is located partially
underneath the posterior
belly of the digastric muscle.
Distally, at the level of the
digastric muscle tendon, it
turns anteriorly toward the
tongue. At that level, the
average distance between
the digastric muscle and the
hypoglossal nerve is 5.05 mm (range, 3.2–7 mm) (Fig. 3B,
Line 6 and Fig. 4C; Table 1).

1

3
1
2
4

FIGURE 2. A and B, auditory-mastoid polygon. This
polygon is formed by four lines. 1, anterior vertical line
running by the anterior border of the EAM cartilage. 2,
posterior vertical line running by the tip of the mastoid
process. 3, superior horizontal line, obliquely placed
from anterior to posterior and superior to inferior, representing the lower end of the EAM cartilage and the
tip of the mastoid process. 4, inferior horizontal line, 2
cm below the inferior border of the EAM cartilage. C,
right lateral view. The skin, subcutaneous tissues and
part of the temporal bone have been removed to expose
the facial and hypoglossal nerves. The auditory-mastoid polygon is useful to locate the hypoglossal nerve
immediately proximal to the parotid gland, especially
when a preauricular approach is used for a classical
hypoglossal-facial nerve anastomosis. A., artery; Car.,
carotid; CN, cranial nerve; Ext., external; Int., internal;
Jug., jugular; M., muscle; Mand., mandibular.

C

muscles attach to the transverse processes, including the
superior oblique and inferior oblique portions of the Longus
colli, Rectus capitis lateralis, Levator scapulae, and Splenius cervicis. The average distance from the lateralmost end of the
atlantal transverse process to the PBEF is 15.85 mm (range,
14.3–16.8 mm) (Fig. 3A, Line 3; Table 1).

Facial Nerve (CN VII)

The mandible, also known as inferior maxillary, consists of
two parts: a body and two lateral ends or rami. The superior
ends of the rami comprise two very large processes, an anterior
process known as the coronoid process, which serves as the
attachment for the temporal muscle, and a posterior process
known as the mandible condyle. The condyle is an elipsoid eminence with a long axis obliquely directed medialward and backward. The mandible condyle and the glenoid fossa of the squamous temporal bone form the temporomandibular joint. The
average distance from the posterior border of the mandible
condyle to the PBEF is 17.19 mm (range, 14.9–20.7 mm) (Fig. 3A,
Line 4; Table 1).

CN VII, also referred to as the facial nerve, is a mixed nerve
consisting of a main part (the facial nerve proper) and an
accessory part (nervus intermedius or pars intermedii of Wrisberg).
From its apparent origin at the pontomedullary sulcus, it
courses laterally toward the internal auditory canal (IAC) (cisternal part). After exiting this canal (meatal part), it runs
between the cochlea and the vestibule (labyrinthine part) and
on the medial aspect of the tympanic cavity (tympanic part) to
emerge from the skull through the mastoid process (mastoid
part). The average length of the mastoid facial nerve is 16.35
mm (range, 15.2–18.6 mm) (Fig. 3B, Line 7; Table 1). It exits the
skull through the stylomastoid foramen into the parotid gland.
From the stylomastoid foramen to its bifurcation (PBEF), the
facial nerve has a deep to superficial and downward course.
The average length of the PBEF is 18.93 mm (range, 16–20.6
mm) (Fig. 3B, Line 8; Table 1). The average distance from the
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TABLE 1. Measurements of the extracranial portion of Cranial
Nerve VIIa
Average
(mm)

Range
(mm)

Distance from the EAM to CN VIIb

4.82

3.3–5.2

Distance from the mastoid

5.31

3.1–7.9

Distance from the atlas to CN VIIb

15.85

14.3–16.8

Distance from the mandibular

17.19

14.9–20.7

4.86

2.3–6.4

5.05

3.2–7.0

Length of the mastoid portion of CN VIIc

16.35

15.2–18.6

Distance from the EMF to the

18.93

16.0–20.6

Distance from CN VII to CN XIIc

31.56

27.6–35.8

Distance from the skin to CN VII

21.16

14.3–27.7

Measurements

process to CN VIIb

condyle to CN VII

b

Distance from the digastric
muscle to CN VIIc
Distance from the digastric
muscle to CN XII

B

c

CN VII bifurcationc

a

EAM, external auditiory meatus; CN, cranial nerve; EMF, estylomastoid foramen.
See Figure 2A.
c
See Figure 2B.
b

mastoid process. Thr fourth line is an inferior horizontal line
placed 2 cm below the lower border of the EAM cartilage (Fig.
2, A and B). In 100% of the facial nerves sampled in this study,
the PBEF was found within this polygon.

Hypoglossal Nerve (CN XII)
FIGURE 3. A and B, right lateral view. 1, the distance
from the EAM to CN VII. 2, the distance from the mastoid process to CN VII. 3, the distance from the transverse process of the atlas to CN VII. 4, the distance
from the mandible condyle to CN VII. 5, the distance
from the digastric muscle to CN VII. 6, the distance
from the digastric muscle to CN VII. 7, the length of the
mastoid portion of CN VII. 8, the distance from the
stylomastoid for amen to the CN VII bifurcation. 9, the
distance from CN VII to CN XII.

skin to the PBEF, just below the EAM cartilage, is 21.16 mm
(range, 14.3–27.7 mm) (Table 1).
We have drawn a polygon consisting of four lines (auditorymastoid polygon). The first line is an anterior vertical line running by the anterior border of the EAM cartilage. The second
line is a posterior vertical line running by the tip of the mastoid
process. The third line, a superior horizontal line, obliquely
placed from anterior to posterior and superior to inferior, represents the lower end of the EAM cartilage and the tip of the
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CN XII, also known as the hypoglossal nerve, is an exclusively motor nerve supplying the tongue muscles. From the
preolivary sulcus, the hypoglossal nerve fascicles meet and
course outwardly. Once out of the skull through the anterior
condyle foramen (hypoglossal canal), CN XII has a forward
and downward oblique course. It runs posterior and then
medial to the internal jugulary vein and lateral to the carotid
artery (Fig. 2C). The extracranial course of the hypoglossal
nerve is parallel to the course of the PBEF and the digastric
muscle. At the level of the digastric intermediate tendon, it
turns anteriorly towards the tongue. The average distance from
the bifurcation of the facial nerve to the place where the
hypoglossal nerve turns towards the tongue is 31.56 mm
(range, 27.6–35.8 mm) (Fig. 3B, Line 9; Table 1).

DISCUSSION
Hypoglossal-facial Nerve Anastomosis
Hypoglossal-facial nerve anastomosis is the most widely
used technique for facial nerve neurotization (11, 15, 16, 17,
18, 22). It requires the complete section of the hypoglossal

www.neurosurgery-online.com
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tongue atrophy is a direct
consequence of hypoglossal
nerve section (Fig. 7E).
Immediately after surgery,
patients find difficulty in
producing sounds such as
“d” or “r,” but with appropriate speech therapy rehabilitation, this situation can
be controlled within 2 to 3
months. In addition, swallowing, especially food
manipulation in the mouth,
is affected in the immediate
postoperative period; however, most patients get used
to this and quickly learn to
cope with the difficulty. In
most cases, patients felt comD
C
fortable with the sacrifice
implied by the denervated
hemiglossal to obtain facial
reanimation, and all of them
expressed that they would
undergo the procedure again
if required (11, 16, 17, 18, 22).
As far as the results of the
procedure are concerned, 564
hypoglossal-facial nerve
anastomoses were performed
between 1954 and 1992, as
recorded in the literature.
According to Pitty and Tator
(16), positive results account
for approximately 65% of the
cases,
whereas 22% showed
FIGURE 4. A–D, right-sided classical hypoglossal-facial nerve anastomosis. A, skin incision. The incision begins
poor results and 13% had a
before the tragus, skirts the earlobe, and follows the anterior border of the sternocleidomastoid muscle, ending at the
complete lack of reinnervalevel of the mandibular angle. B, the superficial planes have been dissected, exposing the parotid gland, the sternocleidomastoid muscle and superficial vessels and nerves. The facial nerve should be searched for within the parotid gland
tion. More importantly, speusing the auditory-mastoid polygon (as reference). C, deeper planes have been dissected, exposing the facial and
cialized literature shows total
hypoglossal nerves. The digastric muscle is found between the facial nerve and the turn where the hypoglossal nerve
consensus (11, 15, 16, 17) rechanges its course. D, the hypoglossal-facial nerve anastomosis has been carried out. The hypoglossal nerve has been
garding the maximum interval
transferred in the search for the facial nerve underneath the digastric muscle. Auric., auricular; CN, cranial nerve;
between resection and anastoExt., external; Gr., greater; Int., internal; Jug., jugular; M., muscle; N., nerve; V., vein.
m o s i s p ro c e d u re s , w h i c h
should not exceed 1 year.
Longer intervals are associated with significant atrophy of the
nerve, resulting in hemiglossal atrophy. With appropriate
fine mimetic muscles, as they are histologically replaced by fat
training in the rehabilitation period, a conscious use of those
tissue after 2 years. Beyond that period, the rate of success of
muscles may be regained (7), but reflex gestures, such as
any kind of facial reanimation by neurotization is significantly
emotions, cannot be recovered. When this is the case, eyelid
hindered.
and mouth closure become appropriate, and facial symmetry
Furthermore, according to the literature, specialists agree
and voluntary function of the compromised side of the face
that hemiglossal atrophy is not reduced by joining the ansa
are restored; however, mobility of each separate muscle is
hypoglossi to the distal stump of the hypoglossal nerve, as sugpoor and facial hypertonicity can sometimes occur (16) (Fig.
gested by Kempe (9). This technical variant, widely advocated
7, C and D).
in the 1960s and 1970s, has been practically abandoned because
Disorders produced by hemiglossal denervation tend to
of the lack of good results (16).
translate into speech and swallowing difficulties. Severe

A

NEUROSURGERY

B

VOLUME 61 | OPERATIVE NEUROSURGERY 1 | SEPTEMBER 2007 | ONS-45

CAMPERO AND SOCOLOVSKY

A

B

C

D

auditory-mastoid polygon,
where the PBEF is found in
100% of cases.
More than half of the distance
between both nerves is required
for a tensionless suture, assuming that the whole sectioned
length of the hypoglossal nerve
will be moved toward the facial
nerve. Thus, the hypoglossal
nerve should cover approximately 60% of this distance at
least, so the stump of CN XII can
reach CN VII without tension.
The average distance from the
bifurcation of the facial nerve to
where the hypoglossal nerve
turns and becomes horizontal is
31.56 mm (range, 27.6–35.8 mm)
according to our measurements.
Consequently, approximately 19
mm of the hypoglossal nerve is
required because it turns, which
implies that the ansa hypoglossi
should be sectioned to perform
a major nerve trunk transposition. In our specimens, the ansa
hypoglossi was found distal to
half the distance between CNs
VII and XII.

Classical Hypoglossal-facial
Anastomosis:
Technical Variants

For the classical technique, in which CN XII is redirected
cranially to CN VII, enough release of CN XII is required to
reach the facial nerve and perform a tensionless anastomosis at
the suture site. The facial nerve can be found at the level of the
stylomastoid foramen, where it exits the skull, or more distally
if a preauricular approach is used. In this article, all measurements and procedures regarding the classical hypoglossalfacial nerve anastomosis are based on a preauricular approach
rather than on an incision over the mastoid process. With this
latter approach, the distance between the anastomosis and the
target organ is longer. In order to simplify the facial nerve dissection proximal to the parotid gland, this article describes the

Various new techniques have
been described over the past
decade in an attempt to minimize the most severe morbidities after hypoglossal-facial
nerve anastomosis. Sequelae of
this procedure include the
swallowing and speech disorders described previously, which
are secondary to hypoglossal nerve section.
Asaoka et al. (3) established that the number of axons in a
normal hypoglossal nerve (9778 ⫾ 1516) (11) exceeds the axons
contained in a normal facial nerve (7228 ⫾ 950), and that the
cross-sectioned area of the normal facial nerve (0.948 mm2)
accounted for 61.5% of the area of the hypoglossal nerve (1.541
mm2), whereas that of the injured facial nerve (0.66 mm2) was
less than 50% of the area of the hypoglossal nerve. Accordingly,
in theory, sectioning only part of the hypoglossal nerve, rather
than its entire diameter, should be enough to achieve good
facial reinnervation. This procedure could also reduce the postoperative occurrence of severe synkinesis (2).
If the hypoglossal nerve is partially sectioned, however, it
cannot be moved towards the facial nerve distal stump to per-
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FIGURE 5. A–D, right-sided hypoglossal-facial nerve anastomosis with interposition jump graft. A, this technique
uses an incision similar to the classical technique. B, superficial and deeper planes have been dissected, exposing
the facial and hypoglossal nerves. C, the graft has been sutured to the facial nerve superiorly and to the superior
half of the hypoglossal nerve inferiorly. The donor nerve should be longer than 31.56 mm. D, magnified view of the
suture. CN, cranial nerve; Int., internal; Jug., jugular; M., muscle; V., vein.

Anatomic Considerations Regarding
the Classical Technique

FACIAL REANIMATION BY MEANS OF THE HYPOGLOSSAL NERVE

tain (7). Manni et al. (13) and
Guntinas-Lichius et al. (8),
however, report extensive
experience with this technique with results similar to
the ones obtained with the
classical technique. Cusimano
(6) published a case report
presenting similar results,
although with no interposition jump graft. Our anatomic
study, however, suggests that
Cusimano’s technique is
extremely difficult to perform
because of the distance
between both nerves, which
precludes good nerve coaptation without tension.
Arai et al. (1) introduced
C
D
some changes to the proced u re : t h e y d i s s e c t e d t h e
hypoglossal nerve longitudinally to later perform the
anastomosis with the facial
nerve, thereby avoiding the
use of an interposition jump
graft (Fig. 1C). This technique
has also been questioned
throughout the specialized literature (7) because any longitudinal fascicle nerve dissection, regardless of whether
the nerve is monofascicular as
is the case of the hypoglossal
nerve, injures a certain number of axons owing to the fact
FIGURE 6. A–D, right-sided hypoglossal-facial nerve anastomosis with mastoid process drilling. A, the parotid and
that they have a plexal strucmastoid regions have been dissected, exposing the mastoid process and the facial and hypoglossal nerves. B, the masture and intercross along the
toid process has been drilled, with the supramastoid crest as upper limit. The whole mastoid facial nerve has been
course of the nerve (24).
exposed, avoiding the need of entering or breaking the semicircular canals. C, the facial nerve has been sectioned at the
beginning of the mastoid portion and then moved towards the hypoglossal nerve. The superior half-diameter of the
Sawamura and Abe (19)
hypoglossal nerve has been sectioned. Thus, the free stump of the facial nerve has been sutured to the superior portion
suggest the drilling of the
of the hypoglossal nerve. D, magnified view of the suture. A., artery; Car., carotid; CN, cranial nerve; Int., internal;
facial nerve at the Fallopian
Jug., jugular; M., muscle; Prox., proximal; Seg., segment; V., vein.
canal up to the stapedial
nerve. This technique provides some further centimeters of facial nerve, which is secform the anastomosis, as is the case of the classical technique.
tioned and rotated to be anastomosed with the partially secMany different methods have been applied to overcome this
tioned hypoglossal nerve (Figs. 1D, 5, and 8). Sawamura and
problem, including intratemporal transposition of the facial
Abe report a series of four patients whose facial paralysis pronerve or graft interposition.
gression is longer than 2 years. Positive outcomes correspond
May et al. (14), who describe the use of a graft between the
to three cases, especially regarding facial symmetry at rest.
facial nerve and the partially sectioned hypoglossal nerve (Figs.
Atlas and Lowinger (4) report three cases of intratemporal
1B, 4, and 6), have observed only three cases of hemiglossal
facial nerve transposition using a similar technique, with funcatrophy among the 20 samples they have analyzed. The effection recovery in all cases and a dramatic reduction of the only
tiveness of this technique has been questioned as a result of the
partial hemiglossal weakness.
fact that the donor axons have to move along a path and to
Petrous bone drilling, although involving a more complex
course through two unions and the whole length of the graft. In
technique and a longer operative time, would apparently preother words, the success rate of midface reanimation is uncer-
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FIGURE 7. A–B, complete facial
paralysis in a 38-year-old man
after cerebellopontine angle tumor
resection. Three months after that
surgery, a classical hypoglossalfacial nerve anastomosis was performed. C–D, 1 year after the procedure, facial symmetry and eye
closure were regained. E, complete
postoperative tongue hemiatrophy
secondary to hypoglossal nerve
section is observed.

serve a greater degree of tongue function without compromising the quality of the axons received by the facial nerve.
Therefore, on the basis of both theory and the limited experience reported throughout the specialized literature, and in
accordance with our own experience with six cases (21) (Fig. 8),
the classical hypoglossal-facial nerve anastomosis is likely to be
replaced with this promising technique.

Anatomic Queries Regarding Variants
to the Classical Technique

FIGURE 8. A–B, a 52-year-old woman with a huge cerebellopontine
tumor (meningioma) presented with a complete facial paralysis after
tumor resection. The patient was offered different alternatives as facial
reinnervation in the postoperative period and decided to undergo a
facial drilling surgery at the petrous bone in order to reduce postoperative tongue morbidity. C–D, 6 months after the procedure, facial symmetry and eye closure were regained. E–F, observe the complete tongue
function preservation after this procedure. The only tongue morbidity
was a slight movement weakness, referred by the patient as “clumsiness,” but the symptoms were completely resolved in 3 weeks.

ing, it should be at least 25% longer than the distance between
both stumps; as a result, the graft should be at least 35 mm long
on average. As we see it, the case reported by Cusimano and
Sekhar (6) proves difficult to perform in most patients because,
according to our study, the distance between both nerves is sufficiently long to preclude a direct graftless reapproximation,
unless a long enough longitudinal dissection CN XII is carried
out, thereby leading to the technique described below.

Hypoglossal Nerve Longitudinal Dissection

Given the results of our cadaver study, the distance between
CNs VII and XII is 31.56 mm. Consequently, a sural nerve graft of
that length will be required for a tensionless anastomosis at the
borders of the suture. Since the graft tends to retract after harvest-

The principle considered in the previous technique should be
applied for this one. A portion of the hypoglossal nerve is longitudinally dissected. The minimal length of nerve to be
released is the distance between CNs VII and XII (i.e., an average of 31.56 mm) plus some additional millimeters to perform
a tensionless reapproximation.

ONS-48 | VOLUME 61 | OPERATIVE NEUROSURGERY 1 | SEPTEMBER 2007

www.neurosurgery-online.com

Interposition Jump Graft Technique

FACIAL REANIMATION BY MEANS OF THE HYPOGLOSSAL NERVE

Facial Nerve Drilling at the Temporal Bone
For drilling the mastoid process, the whole length of the
mastoid CN VII, measuring 16.35 mm, should be released. If
the distance from the stylomastoid foramen to the CN VII
bifurcation, measuring 18.93 mm, is added to that figure, a total
length of 35.28 mm is obtained. This length is longer than the
distance between CNs VII and XII (31.56 mm), and it should be
enough for a tensionless nerve anastomosis.

CONCLUSION
Our study describes the hypoglossal-facial nerve anastomosis, includes a literature review of the results achieved with
this technique, and explains several of the variants introduced
in recent years. It also describes the anatomic parameters and
the length of the hypoglossal nerve sectioning that may standardize the site where the common trunk of the facial nerve at
the infraauricular level should be identified and illustrates the
process by means of two cases. By virtue of this study, it is
possible to precisely establish the type of graft, the dissection
within the hypoglossal nerve, and the extent of mastoid drilling
required for a nerve transfer from the facial to the hypoglossal
nerve in any of the classical technique variants described,
whose aim is to achieve better tongue function. Future controlled clinical trials will determine which of those variants can
offer the best outcome with less morbidity compared with the
“gold standard,” which continues to be the classical hypoglossal-facial nerve anastomosis.
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COMMENTS

I

n this study, the authors nicely illustrate the different techniques of
hypoglossal to facial transfer by anatomic dissections. Fortunately,
the number of patients needing this technique is now very low because
of better facial nerve preservation after acoustic neuroma surgery,
radiosurgery for a number of acoustic neuromas, and the improved
techniques of direct facial nerve repair.
When needed, I prefer to get as long a facial nerve as possible by
mobilizing the mastoid segment of the nerve, and then suturing it to
half of the hypoglossal nerve split for a very short length. I do not prefer to split the hypoglossal nerve over a long distance because many of
the fascicles could be disrupted.
When the facial nerve starts to show recovery, the patient can be
given specific mimic exercises to improve the functional recovery, as
has been shown by Nedzelski at the University of Toronto (J Nedzelski,
personal communication, 1998).
Laligam N. Sekhar
Seattle, Washington

T

his is an excellent demonstration of the relevant anatomy for performing any of the facial reanimation techniques that involve anastomosis
with the hypoglossal nerve. One of the key points in my experience
involves the length of hypoglossal nerve that is required to reach the
stump of the facial nerve at the pes anserinus. The hypoglossal nerve
must be dissected far anterior in this circumstance, as discussed in this
article. This article should serve as solid preparation for those faced with

VOLUME 61 | OPERATIVE NEUROSURGERY 1 | SEPTEMBER 2007 | ONS-49

CAMPERO AND SOCOLOVSKY

performing this procedure. Knowledge and some experience with the
specific techniques of microanatomosis of peripheral nerves are equally
important components to obtain before performing in the operating room.
The patients presented provide illustrations of the best expectations
of these techniques. However, we must remember that these represent
the absolute best that can be hoped for by the patient and surgeon.
Historically speaking, less than half of these patients will realize such
a nice result. In general, the failure rate is 50% in terms of any functional return. Of those who do gain some improvement, only half of
those will reach a House-Brackmann Grade 3 result, with eye closure
and muscular tone. These realities must be kept in mind when counseling patients before commencement of such a procedure.
J. Diaz Day
San Antonio, Texas

T

his is a very nice anatomic presentation that also reviews the various types if Cranial Nerve XII–VII anatamoses in use. The points
are made very well, with good examples. The discussions of the problems and results that are encountered with the different techniques are
well done. I believe this will be an asset to practicing neurosurgeons
who encounter interruption of the VIIth nerve without the ability of a
direct anastamosis or interposition graft.
There is a tendency to discount the disability of tongue hemiatrophy when compared with facial dysfunction. The hypoglossal split
with a facial nerve mobilization procedure may avoid that deficit. It
also minimizes the need for an interposition graft with two anastamoses to traverse.
When there is a complete VIIth nerve section and a lack of a proximal stump for performing a direct repair or interposition graft, I like
this technique.
Kalmon D. Post
New York, New York

R

eanimation of a permanently injured facial nerve when the proximal stump is unavailable is most commonly performed using a
hypoglossal-facial nerve anastomosis or one of its variations. In particular, the hypoglossal to facial cranial nerve jump graft, in which half of
the hypoglossal nerve is joined to the extracranial facial nerve by a
single cable nerve graft, has become the procedure of choice for most
surgeons, given that improved facial and maintained hypoglossal
nerve function have been reported in several studies (1, 2).
In this study, the authors perform a cadaveric analysis (with five
cadavers analyzed bilaterally) of the microanatomic relationships
between the facial and hypoglossal nerves, and measure the distances
between the prebifurcation extracranial facial nerve and various relevant surrounding structures. They conclude that 1) 19 mm of the
hypoglossal is required for a classic anastomosis, 2) longitudinal dissection requires approximately 31.5 mm of nerve, 3) a 35-mm-long graft is
required for the jump-graft technique, and 4) approximately 16.3 mm
of facial nerve can be exposed by drilling the mastoid process.
Furthermore, descriptions of the classic hypoglossal-facial nerve anastomosis and interposition jump-graft technique are included, as are a
partial literature review of technical variations and results. Finally, the
authors illustrate two representative cases in which these anastomotic
techniques were used.
The cadaveric measurements of various facial nerve relationships (as
summarized in Table 1) represent an original contribution to the neurosurgical literature on facial hypoglossal anastomosis. Along with the
review of regional microanatomy, readers will find the description of
these interrelationships (along with the corresponding figures) of general interest. Specifically, the authors’ description of the auditory mas-
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toid quadrilateral space for locating the hypoglossal and facial nerves
through a pre-auricular approach is particularly noteworthy. The mastoid drilling technique for mobilizing the proximal facial nerve and
allowing direct coaption (without need for intervening nerve graft) to
the superior half of the hypoglossal nerve is well illustrated. One case
(Fig. 8) highlights the clinical outcome of the latter technique with satisfactory facial function and no significant tongue-muscle dysfunction.
By contrast, another case (Fig. 7) illustrates the striking tongue atrophy
that is attributable to taking the entire hypoglossal nerve.
I like this technique, especially because it provides a means of performing a tension-free repair without the need for an intervening nerve
graft. The importance of avoiding tension for nerve repair (8) with the
liberal use if nerve grafts as appropriate (7) is well established (6).
However, the avoidance of a nerve graft ensures that regenerating
axons only have to cross one and not two suture lines, so that axonal
loss and misdirection are minimized (3, 4). With other transfer techniques, such as the intercostal to musculocutaneous, the series with
direct repairs demonstrate improved functional outcome (5) as compared with those where interpositional grafts are placed. We hope these
authors will similarly collect and publish a larger series in the future to
document the clinical outcome from the innovative technical variation
described in this article.
Rajiv Midha
Calgary, Canada
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T

his article describes the anatomic relationship between the relevant
structures encountered during extracranial facial nerve repair.
Cadaver dissections and caliper measurements provide the study data,
and two illustrative cases are provided to clarify the clinical points. The
techniques of 1) hypoglossal-facial direct anastomosis, 2) hypoglossalfacial end-to-side anastomosis with interposition grafting, 3) partial
hypoglossal-facial direct anastomosis with longitudinal dissection, and
4) hypoglossal-facial end-to-side anastomosis with temporal bone
drilling are well illustrated, adequately described, and well referenced.
The anatomic data presented will be useful for those performing these
types of procedures. Specifically, the lengths of nerve that need to be
dissected to permit tension-free anastomosis, which is crucial for such
repairs to work, are described. The authors correctly point out that
only a randomized comparison trial will establish the superiority of
one approach over the others.
Christopher J. Winfree
Jeffrey N. Bruce
New York, New York
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