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Abstract

Pathologies of the facial nerve are one of the most common types of pathology of the peripheral nervous system.
In the structure of lesions of the cranial nerves, this pathology occupies the first place. The clinical picture of
facial nerve damage of various genesis is rather monotonous and manifests itself as persistent paresis or paralysis
of the facial muscles. The literature describes a large number of different highly effective techniques aimed at
restoring the function of the facial nerve and mimic muscles, examples of which are numerous conservative and
surgical methods for the treatment of facial nerve neuropathy. The review presents the most common method of
mimic muscles paralysis surgical treatment — facial nerve neurotization. The essence of this surgical intervention
is in suturing to the affected facial nerve the trunk or a portion of individual fibers of the intact nerve-neurotic,
which can be the hypoglossal, masticatory, phrenic, accessory, glossopharyngeal nerves, as well as the descending
branch of the hypoglossal nerve and the anterior branches of the C,—C, cervical nerves. Currently, options for the
combined use of various donor nerves and autoextensions are gaining popularity among neurosurgeons, due to
more favorable results in restoring the function of the facial nerve, as well as with an individual approach to each
patient. The main stages of neurotization of the facial nerve include the isolation and intersection of the facial nerve,
the isolation and intersection of the trunk or individual fibers of the neurotizer, the execution of the suture of the
nerve in the “end to end” or “end to side” method. Particular attention should be paid to the most innovative method
of facial nerve neurotization — facial nerve cross-plasty, during which an anastomosis between the damaged and
intact facial nerves using autotransplants from the gastrocnemius nerve or a free muscle graft, including the tender
muscle and the anterior branch of the obturator nerve is performed. The process of restoring facial nerve function
and regressing characteristic symptoms takes a long period of time and requires specialized restorative treatment.
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Facial nerve neuropathy (FNN) is a condition that
causes paresis or paralysis of the facial muscles and
impairs parasympathetic innervation of the eye, re-
sulting in significant aesthetic defects and reduced
quality of life. According to reports, the incidence
of FNN is estimated to be 1.3-5.4 cases per 10,000
population [1-3]. Damage and diseases of the facial
nerve (FN) are the most common lesions of cranial
nerves and the second most common in the periph-
eral nervous system [4, 5].

The etiological factors of FNN are diverse, and
M. May and D.G. Klein classify them into obstetric,
traumatic, neurological, infectious, metabolic, neo-
plastic, toxic, iatrogenic, and idiopathic causes [5].

Neurosurgeons primarily treat mechanical in-
juries of the facial nerve in cases of craniocerebral
and craniofacial trauma and iatrogenic injuries

resulting from the removal of posterior cranial fos-
sa neoplasms (most commonly vestibular schwan-
nomas) and parotid salivary gland tumors. They
also perform surgical interventions on the periphe-
ral part of the auditory analyzer and the middle ear
[2,5,6]. M.H. Hofman et al. [7] reported that FNN
is a postoperative complication in 10% of cases fol-
lowing resection of VIII cranial nerve neurinoma
in a study of 1989 patients. In cases of temporal
bone fractures, FNN occurs in 7-10% of cases [8].

The severity of FN dysfunction and the effec-
tiveness of FNN treatment are commonly assessed
using J.W. House and D.E. Brackmann scale, the
M. May scale and electroneuromyography [6—8].

Surgical aids are effective for persistent FN dys-
function, which include interventions on the FN to
restore its conduction and plastic surgeries (static
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and dynamic) performed on the skin, muscles, and
tendons of the face. The aim of plastic surgeries is
to reduce or remove cosmetic defects and replace
the function of paralyzed muscles [5, 9—11].

Treatment of FN is relevant for various surgi-
cal, therapeutic, and rehabilitation specialists be-
cause of its topographical and anatomical features
and the frequency of FNN occurrence during vari-
ous surgical interventions [12].

The Russian [11, 13, 14] and foreign [4, 5, 15] li-
terature has been devoted to the issue of selecting
an effective surgical treatment of FNN. A.IL. Ner-
obeev and C.M. Shurgai have developed a compre-
hensive surgical method for treating FNN, which
consists of decompression and neurolysis of the
FN, neurotization, direct neurorrhaphy, transposi-
tion of FN branches, replacement of diastasis with
autografts, and cross-facial nerve autotransplanta-
tion [9].

This review presents methods for FN neurotiza-
tion as a surgical treatment option for mimicking
muscle paralysis. Neurotization of the FN is a sur-
gical technique used to restore the function of de-
nervated facial musculature, primarily to restore
movement, which is achieved by sewing the cen-
tral end of another nerve trunk, located near or
far away and considered functionally less signifi-
cant, into the peripheral end of the FN. The nerve
in question is referred to as the “neurotizer nerve”
in the Russian literature [16—18] and as the “donor
nerve” in the foreign literature [2, 7].

The FN is the nerve on which reinnervation
was first attempted to restore its function. Many
donor nerves have been used for FN neurotization,
including the hyoid, masseter, accessory, lingual,
laryngeal, diaphragmatic nerves, the descending
branch of the hyoid nerve, and the anterior bran-
ches of the C2—C3 cervical nerves [6, 9, 11, 16, 17].

Surgical attempts to suture the branch of the
upper cervical sympathetic trunk (internal carotid
nerve) to the peripheral end of the facial nerve have
been described, they were found to be ineffective.
Sympathectomy, when performed, was found to
improve the surgical intervention. V.I. Grebenyuk
[11] recommends this method only for cases of fa-
cial muscle paresis. The patients showed some re-
vitalization of the function of their mimic muscles,
resulting in tighter eyelid closure and a more sym-
metrical face. Some necrotizing nerves mentioned
above are now considered to have only historical
and exploratory significance in modern surgical ap-
proaches for treatment of FNN [11].

In 1949, Russian surgeons F.A. Poemny and
F.M. Khitrov proposed a variant of diaphragmatic
neurotization of FN. They observed a positive out-
come in five out of six patients, but in one patient,
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Fig. 1. Scheme of access to the facial and accessory
nerves: 1, facial nerve; 2, accessory nerve; 3, parotid sali-
vary gland; 4, internal jugular vein; 5, sternocleidomastoid
muscle.

neurotization was impossible because of the insuf-
ficient length of the neurotizer nerve [11]. In 1954,
V.I. Grebenyuk addressed this problem by using
a mobilizer of the diaphragmatic nerve. However,
a side effect of this intervention is the frequent de-
velopment of movements of the mimic musculature
concomitant with breathing, requiring long-term
corrective therapy [12].

At present, the accessory, hyoid, and masseter
nerves are commonly used for FN neurotization.
Previous works have described a combined ap-
proach using the accessory nerve and the descen-
ding branch of the hyoid nerve [6, 17-19].

The first attempt to innervate FN with an ac-
cessory nerve was conducted by T.Drobnik in
1879. Later, in 1895, the English surgeon Ch. Bal-
ance performed this intervention but obtained dis-
appointing results [2, 11]. In Russia, V.M. Mintz
performed this intervention first in 1903, fol-
lowed by similar surgeries by V.N. Zerenin (1905),
LK. Spizharny (1906), and others [11]. Different
methods have been described for using a separate
portion of the motor fibers of the accessory nerve
to the m. sternocleidomastoideus and suturing its
common trunk to the FN [11]. To access this area,
the anterior edge of the upper third of the nodus
muscle is approached, followed by the area behind
the parotid salivary gland in the region of the stylo-
sceles foramen. The FN trunk is then isolated and
crossed, after which the isolated trunks are sutured
end-to-end (Fig. 1).

However, using this method always leads to
consequences related to atrophic changes in the
trapezius and sternoclavicular—parietal muscles.
Recovery of the FN function after such surgi-
cal intervention will be demonstrated by common
movements of the facial musculature with arm
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movements, which requires long-term retraining
and rehabilitation [11, 12].

When the descending branch of the hyoid nerve
is used as a neurotizer nerve, access is performed
in the lateral triangle of the neck, extended toward
the neurovascular bundle of the neck. The branch is
then mobilized and crossed at the bifurcation level
of the common carotid artery. Importantly, the dia-
meter of the descending branch of the hyoid nerve
is often significantly smaller, at only 25% of the
diameter of the entire nerve [20], compared with
that of the FN trunk.

For more effective neurotization, attempts are
sometimes made to exclude functionally insigni-
ficant bundles from the neurotized (facial) nerve.
This directs more neurotizing nerve fibers to
the most functionally significant facial muscles.
F.S. Govenko [16] observed that this technique
obtains the best results in cases of FN neurotiza-
tion by the descending branch of the hyoid nerve.
In such cases, the temporal, zygomatic, and cheek
branches, along with the marginal branch of the
mandible, are reinnervated. The bundles of the FN
that innervate the subcutaneous neck muscle, hy-
oid, and bicuspid muscles are excluded from the
area of neurorrhaphy [16].

The method of FN neurotization using the ante-
rior branches of the II-1II cervical nerves includes
isolating the distal part of the FN and accessing the
donor nerves along the anterior edge of the upper
third of the m. sternocleidomastoideus [6, 14, 17].

The abovementioned methods were presented
in a series of studies by Y.V. Tsymbaliuk et al. [6],
which included 172 patients. At the time of surgical
intervention, FN dysfunction reached the VI degree
according to the House—Brackman scale, corre-
sponding to total paralysis of the mimic muscles.
The results of FN neurotization showed that 85.4%
of cases (147 patients) achieved a satisfactory result
corresponding to a degree of [I-III according to the
House—Brackman scale. In variants of FN neuro-
tization by additive and combined methods (using
several neurotizers), the success rates were 89.7%
and 96.8%, respectively. However, using anterior
motor branches of the II-III cervical nerves did not
result in any recovery of the FN function.

However, V.V. Kaverina [14] presented two clin-
ical observations of FN neurotization by the ven-
tral branch of the II cervical nerve with a favorable
outcome. In both cases, the patients had total uni-
lateral paresis of the mimic muscles before surgi-
cal intervention. After neurotization, there was a
gradual recovery of FN function, as verified by
positive dynamics using electroneuromyography,
reflected in a significant improvement of FN con-
duction and excitability. Based on their work, this

technique is technically simple and does not result
in any significant neurological deficits in the donor
nerve [14].

Surgical interventions involving variants of FN
neurotization by hyoid and masseter nerves are of-
ten described in the foreign literature [3, 18-20].

The technique of neurotizing the FN with the
hyoid bone was first introduced by the surgeon
Korte in 1903. Since then, the method has been
modernized several times to preserve tongue func-
tion [21]. In 1991, M. May et al. proposed the “XII—
VII jump-cable graft procedure,” which involves
partially crossing the hyoid nerve and creating
an end-to-side anastomosis with individual bran-
ches or the common trunk of the FN. This method
is characterized by the use of one or more auto-
grafts, such as the great auricular, thoracic, and
calf nerves. Provided that FN neurotization was
performed within 12 months after the injury, after
surgical treatment, 78% of cases showed positive
results in the restoration of FN function, correspon-
ding to the I-II degree of the May scale [21, 22].

In 1994, M.D. Cusimano et al. described the
“longitudinal hypoglossal nerve technique,” which
involves partially crossing the hyoid nerve fibers
and longitudinally retrograde splitting fibers to fur-
ther neurotize the FN (Fig. 2) [22].

The next step in the development of FN neuro-
tization options involved crossing the mastoid or
tympanic segment of the FN and suturing it in an
end-to-side technique to the hyoid nerve. Proposed
by V. Darrouset in 1999, this technique enables
anastomosis between the VII and XII nerves with-
out tension, resulting in better preservation of
tongue muscle function [23].

The use of n. hypoglossus as a nerve donor pres-
ents a major issue due to the development of tongue
hemiatrophy in 100% of cases, resulting in speech
and swallowing disorders [24]. To address this, the
most effective location for crossing the trunk of the
hyoid nerve is after its descending branch, as this
preserves the innervation of the hyoid bone mus-
cles. Surgeons used a modified surgical interven-
tion, i.e, neurotization of the FN by the hyoid bone
followed by one-stage reinnervation of the XII
cranial nerve with its descending branch [24, 25].

According to M. Samii [24], no significant dif-
ference was found in the restoration of FN func-
tion when it was neurotized by the trunk of the
hyoid nerve with or without reinnervation of the
latter by the descending branch. However, using
the first method reduces the risk of complications
such as speech disorder (from 33% to 0%), tongue
hemiatrophy (from 100% to 5.8%), and swallowing
disorders (from 55 to 11.7%) [12, 25]. A.S. Nechae-
va et al. [21] use this method and achieved positive
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Fig. 2. Method of longitudinal retrograde splitting of hyoid
nerve fibers with subsequent neurotization of the facial nerve
from M.D. Cusimano et al.: 1, facial nerve; 2, hyoid nerve; 3,
end-to-end suture of the nerve

results in 21 of 26 patients (80.7%), which corre-
sponds to grade III-IV of the May scale. Only 7
patients (26%) showed signs of hemiatrophy of the
tongue muscles, which manifested as dysarthria,
but this did not affect their quality of life [23].

In a study by T.A. Dziedzic et al. [26], 84% of
the 56 patients with grade VI FN dysfunction on
the House—Brackman scale showed improvement
to grade III. The study also evaluated the function
of the hyoid nerve using the Martin scale. Nine-
ty-three percent (53 patients) exhibited I-II degree
function of the XII nerve according to the Martin
scale, indicating the absence or minimal atrophy
of the tongue muscles without tongue deviation.
Only four patients had insignificant hemiatrophy
of the tongue muscles and deviation of less than
30° (Martin III).

Several authors have emphasized the signifi-
cance of timely neurotization of the FN hyoid. Sur-
gical intervention performed within 1 to 12 months
has a significant impact on the quality of rein-
nervation of the mimic musculature [19, 24-26].
According to Z. Gao et al., the effectiveness of re-
innervation is significantly influenced by the tim-
ing of the surgery, and it should be performed no
later than 12 months after nerve injury [27].

Trigeminal neurotization is a commonly used
method for the neurotizing agents of FN, in which
the masseter nerve is one of the most frequently
employed. First described by M. Spira in 1978, this
technique is performed by suturing the trunk of the
masseteric nerve to the peripheral part of the FN
(Fig. 3). Positive dynamics were observed in three
patients who underwent this surgical intervention,
with restoration of FN function and reduction of
the aesthetic defect [29].

Trigeminal neurotization provides several ad-
vantages because of the topographic and anatomi-
cal relationship between the masseter nerve and the
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Fig. 3. Method of neurotization of the facial nerve by the
masseter from M. Spira: 1, facial nerve; 2, masseter nerve; 3,
end-to-end suture of the nerve; 4, parotid salivary gland

FN. The masseter nerve in the subzygomatic trian-
gle has a comparable diameter to the FN, making
it the best option for comparing the trunk or ex-
tracranial branches of the FN [30]. K. Boahenne
[31] stated that the primary benefit of trigeminal
neurotization is the surgical accessibility of the V
and VII cranial nerves. Neurorrhaphy is conducted
at the natural intersection point of the masseteric
nerve and FN during surgical intervention. Ho-
wever, the varying depth of location in the soft tis-
sues can result in slight tension after neurotization.

A morphology study by H.D. Fournier [32]
demonstrated that the number of motor neuron
axons in the masseter nerve is twice that of the FN,
which is a favorable prognostic factor for the speed
and quality of FN function recovery, as well as the
high self-regenerative activity and myoneuroti-
zation of the intrinsic masseter muscle in case of
damage to its epineurium [33].

Several studies by Russian and foreign research-
ers suggested a common embryonic origin of the V
and VII cranial nerves. This proximity of the nuclei
of these nerves results in central connections be-
tween the nucleus mesencephalicus n. trigeminus
and nucleus n. facialis, as well as trigeminal-facial
peripheral connections between the branches of
the two regional nerves [9, 14, 30, 32, 33]. Clinical-
ly, these data are characterized by a reduced risk of
developing concurrent movements and a more com-
plete formation of nerve connections. The function
of FN is regulated by the middle cerebral nucleus
of the trigeminal nerve [12]. Thehe literature de-
scribes cases where mimic muscle activity has re-
covered independently after extracranial trauma to
the FN without any surgical or therapeutic inter-
vention. Facial muscle movements are associated
with masticatory movements [34].

In work by AV. Zotov et al. [12], the efficacy
of trigeminal neurotization was evaluated in 17
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patients six months after the surgical intervention
and noted that 16 out of 17 patients (94.1%) showed
recovery of FN function to the III-IV degree ac-
cording to the House—Brackman scale, whereas
one patient (5.9%) did not show any recovery. The
study found that patients who underwent neuroti-
zation within 2 months of paralysis had the best
results. In a series of studies conducted by F. Big-
liolli et al. [35], 31 of 34 patients (91.2%) showed
positive results from trigeminal neurotization. Suc-
cessful reinnervation was observed on average 6
months after surgery, as evidenced by the resto-
ration of facial symmetry.

B. Hontanilla et al. [36] compared the effective-
ness of FN neurotization with that of hyoid and
masseter nerves and observed that these methods
are comparable because the restoration of FN func-
tion occurred in most cases. However, when the
masseter nerve was used as a neurotizing agent, re-
innervation of the FN occurred earlier with a bet-
ter aesthetic effect.

Cross-face nerve grafting (facial-facial anas-
tomosis) is currently one of the most innovative
surgical treatments for FNN. Proposed by L. Sca-
ramella in 1971, this technique involves selectively
crossing some branches of the intact FN and su-
turing them to the branches of the affected FN.
However, its use is restricted because of the limi-
ted length of branches and restricted movements of
the mimic muscles after neurotization [37].

In 1976, K. Harii et al. proposed the technique
of using a free muscle graft, including the m. grac-
ilis and r. anterior n. obturatorii, to repair FN dam-
age. The occipital nerve was sutured end-to-end to
the masseter nerve on the affected side. Then, using
an autograft from the calf nerve, the nerve was su-
tured end-to-end with the cheek branch of the in-
tact FN, including the locking nerve in the free
muscle graft [38, 39].

The most recent modification of FN cross-plas-
ty is neurorrhaphy, which was proposed in 1992 by
F. Vitebro et al. [40]. This method involves end-to-
side neurorrhaphy without violating the integrity
of the donor nerve. During the surgical interven-
tion, the autograft n. suralis is used with the cheek
and zygomatic branches of the FN on both sides of
the face without crossing them. In modern prac-
tice, three autografts are most commonly used for
the muscles of the eye, cheek, and mouth circumfe-
rence. The advantage of this method is the abili-
ty to use multiple autografts to neurotize several
branches simultaneously, which may reduce the
likelihood of premature muscle atrophy. However,
currently, cross-plasty of the FN is seldom used.

This method is characterized by the homoge-
neity of the function of the donor and recipient

nerves, which can result in little to no difference
in muscle contraction after surgery. However, axon
sprouting in the autograft can take a long time, po-
tentially leading to irreversible degeneration of the
mimic muscles.

Modern literature describes various methods
of combining neurotization and cross-plasty of the
FN and performing cross-plasty in multiple stages
[41,42].

J.M.Kim et al. [41] observed 49 patients who
underwent surgical treatment using two different
techniques.

Group 1, consisting of 18 patients, underwent
a two-stage surgical intervention, which involved
cross-plasty of the cheek branch of FN and transplan-
tation of a free flap of the m. gracilis. During the first
stage, an autograft from the calf nerve was used to
form an anastomosis between the intact and damaged
cheek branches to repair the damaged FN branch.
The second stage involved the implantation of a free
vascular-muscular flap from a thin muscle, which was
performed on average 10 months after the first stage.

Meanwhile, group 2, consisting of 31 patients,
underwent a one-stage surgical intervention using
the “double-innervated free gracilis muscle trans-
fer” technique. This technique involved the for-
mation of an anastomosis between the branch of
the muscle flap’s locking nerve and the masseteric
nerve in an end-to-end fashion, followed by neu-
rorrhaphy between the 7. buccalis of the intact FN
and the nerve of the muscle flap using an autograft
from the calf nerve.

Based on the results of the first method, a res-
toration of symmetry in the muscles of the mouth
circumference at rest was observed. Meanwhile,
the second method preserved the symmetry in
the same muscle group both at rest and when smi-
ling. However, surgical interventions of this nature
have significant drawbacks, such as the possibili-
ty of restoring only a single FN branch’s function
and the complexity of the surgical technique. Thus,
cross-facial plasty methods show promise for trea-
ting FNN but require further development.

Conclusions

Currently, FN neurotization is a frequently used
surgical intervention for treatment of paralysis and
paresis of the facial muscles. The literature de-
scribes different FN neurotization techniques, in-
cluding the use of one or more neurotizing nerves,
autografts, cross-facial plasty techniques, and free
muscle flaps. The range of surgical aids available
for treatment of FNN allows the surgeon to se-
lect the most suitable neurotization option for each
patient, thus improving the effectiveness of FN
function restoration.
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Furthermore, all known variants of FN neuro-
tization have several disadvantages, including the
inability to achieve full efficiency and the deve-
lopment of a certain degree of neurological defi-
cit caused by the crossing of the intact neurotizing
nerve. Few works on comparative analysis of the
effectiveness of different methods of FN neurotiza-
tion are found in the literature. Thus, performing
an anatomical and clinical analysis to compare the
primary techniques of FN neurotization is recom-
mended.
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