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a b s t r a c t

The facial nerve, also known as the seventh cranial nerve, is critical in controlling the movement of the
facial muscles. It is responsible for all facial expressions, such as smiling, frowning, and moving the
eyebrows. However, damage to this nerve can occur for a variety of reasons, including maxillofacial
surgery, trauma, tumors, and infections. Facial nerve injuries can cause severe functional impairment and
can lead to different degrees of facial paralysis, significantly affecting the quality of life of patients. Over
the past ten years, significant progress has been made in the field of facial nerve repair. Different ap-
proaches, including direct suture, autologous nerve grafts, and tissue engineering, have been utilized for
the repair of facial nerve injury. This article mainly summarizes the clinical methods and basic research
progress of facial nerve repair in the past ten years.
© 2023, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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1. The concept of the facial nerve

The facial nerve is an important cranial nerve that contains
mixed nerves composed of motor fibers, sensory fibers and para-
sympathetic fibers [1e3]. Motor fibers originate from the facial
nerve nucleus located ventrolaterally at the caudal end of the pons,
and they innervate facial muscles other than the masticatory
muscles and levator palpebrae, as well as the ear muscles, occipital
muscles, and platysmamuscles. The gustatory fibers originate from
the geniculate ganglion in the facial nerve canal. They, which called
the chorda tympani, branch off from the main trunk of the facial
nerve near the stylomastoid foramen, pass through the tympanic
cavity, and attach to the lingual nerve of the mandibular nerve. In
this way, they innervate the taste buds of the anterior two-thirds of
the tongue. In addition to these functions, the facial nerve is
responsible for conveying some sensorial information. A small
number of sensory fibers offer general sensation to parts of the skin
of the tympanic membrane, the lacrimal glands, salivary glands, the
pinna, and some of the mucous membranes of the oral cavity [4].
The parasympathetic nerve fibers of the facial nerve originate from
the superior salivary nucleus and regulate the secretion of the
sublingual and submandibular glands. Significantly, the facial nerve
is mainly composed of motor fibers, sensory fibers (including
gustatory fibers) and parasympathetic nerve fibers pertain to
intermedius nerve (Wrisberg's nerve). Altogether, the facial nerve
plays an integral role in the functioning of numerous structures
within the human body [5] (See Fig. 1).
2. Clinical manifestations of facial nerve injury

Facial nerve injury can have a range of clinical manifestations
that vary depending on the location of the injury. Local symptoms
can occur in the frontal, periorbital, mid-face, and perioral areas. In
addition, all facial muscles on the same side can become paralyzed,
resulting in a range of symptoms. Paralysis of the frontalis muscle is
Fig. 1. The distribution of facial nerves on the face after being em
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noticeable. This can cause the inability to frown, as well as a lower
position of the eyebrows compared to the healthy side. As the
frontalis muscle is responsible for creating wrinkles in the fore-
head, its paralysis can make the forehead lines shallow or
completely disappear [6]. When the orbicularis muscle is affected,
this can lead to weak closure of the eyelids. Even with forceful
closure, the eyemay turn outward and upward, exposing the sclera.
Paralysis of the buccal muscles can cause the corners of the mouth
to droop when closed, resulting in a bulging appearance of the
cheeks and the leaking of air. Whistling may be impossible, and
food may become trapped between the cheeks and gums while
eating [7,8]. During the recovery period, there may be joint
movement or excessive movement of the affected side. The
symptoms of facial paralysis can not only affect physical health but
can also lead to significant mental health issues. Patients may
experience a decrease in self-confidence and difficulty engaging in
social activities due to visible physical changes [9]. It is essential
that facial nerve injuries receive prompt treatment to minimize the
risk of long-term complications.
3. Classification of facial nerve injury

The facial nerve is an important component of the peripheral
nervous system. It is important to accurately evaluate the extent of
nerve damage to determine the best course of treatment.
Commonly used evaluations for facial nerve damage include the
Seddon classification [10], Sunderland classification [11], House-
Brackmann grading system [12], and more. Among them, the
House-Brackmann (HB) grading system is specifically used for
assessing facial nerve injuries, while Seddon's classification system
and Sunderland's classification system are more commonly used
for evaluating peripheral nerve injuries. When studying nerve
damage in basic experiments, a range of models may be used to
simulate different types of injuries. Such models often include
compression injuries, traction injuries, shear injuries, amputation
itted from the facial nerve nucleus located in the brainstem.



Table 1
Seddon's classification.

I Neurotmesis (Division of a
nerve)

The nerve bundle or nerve trunk is
completely severed or separated by scar
tissue, and requires surgical nerve
suturing. Functional recovery may be
achieved or incomplete functional
recovery may occur after nerve
suturing.

II Axonotmesis (lesion in
continuity)

The axon is severed within the myelin
sheath, while the nerve sheath remains
intact. Retrograde changes occur in the
distal nerve fibers, and after a period of
time, the nerve can recover on its own.

III Neurapraxia (transient
block)

Neurotransmission dysfunction is a
temporary physiological blockage in
which there are no apparent anatomical
or morphological changes in nerve
fibers, and there is no degeneration of
distal nerve fibers. Neurotransmission
function will recover on its own within
several days to weeks.

Table 3
House-Brackmann grading system.

Grade Description Characteristics

1 Normal Normal facial function in all areas
2 Mild dysfunction Gross: slight weakness noticeable on

close inspection; may have very slight
synkinesis
At rest: normal symmetry and tone
motion
Forehead: moderate to good function
Eye: complete closure with minimum
effort
Mouth: slight asymmetry

3 Moderate
dysfunction

Gross: obvious but not disfiguring
difference between the two sides;
noticeable but not severe synkinesis,
contracture and/or hemifacial spasm
At rest: normal symmetry and tone
motion
Forehead: slight to moderate
movement
Eye: complete closure with effort
Mouth: slightly weak with maximum
effort

4 Moderately severe
dysfunction

Gross: obvious weakness and/or
disfiguring asymmetry
At rest: normal symmetry and tone
motion
Forehead: none
Eye: incomplete closure
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injuries, ischemic necrosis injuries, transection injuries, etc. [13,14].
By understanding how these different injuries affect the peripheral
nerves and the body as a whole, researchers can develop new
treatments and rehabilitation strategies to help patients recover
from nerve damage (See Tables 1e3).
Mouth: asymmetric with maximum
effort

5 Severe dysfunction Gross: only barely perceptible motion
At rest: asymmetry motion
Forehead: none
Eye: incomplete closure
Mouth: slight movement

6 Total paralysis No movement
4. Causes of facial nerve injury

Nerve damage can be divided into iatrogenic trauma and non-
iatrogenic trauma based on its cause [15e17]. Iatrogenic trauma, as
the name suggests, is damage caused during treatment, most of
which occurs during surgery performed on areas adjacent to the
facial nerve. Noniatrogenic trauma includes physical injuries such
as impact, stabbing, cutting, explosion, burn, and electric shock.
According to the mode of external force, such trauma can be
divided into exposure, traction, compression, squeezing, sharp
cutting and friction injuries caused by blunt instruments.

In Odebode's report, the incidence of traumatic facial nerve
injury in craniocerebral injury combined with facial nerve injury
was 5.04%, and the incidence of facial paralysis caused by the latter
was 3%. Fractures of the petrous part of the temporal bone and
mastoid are common causes, and 30%e50% of longitudinal frac-
tures of the petrous bone and 10%e30% of transverse fractures may
be accompanied by facial nerve palsy. In addition, extensive soft
tissue contusions on the face and penetrating injuries to the head
and face (especially bullet wounds) can also result. Among these
injuries, more than 70% of facial paralysis cases involve the lower
motor neurons, which results from a lesion in the facial nerve or its
nucleus and is characterized by total paralysis of the ipsilateral
hemifacial muscles, and the frequency of traumatic facial nerve
injury combined with hearing impairment is also high, at more
than 70% [18]. It has been reported that temporary facial nerve
dysfunction occurs in 20e65% of patients who have undergone
Table 2
Sunderland classification.

Grade I Focal segmental demyelination
Grade II Axon damaged with intact endoneurium
Grade III Axon and endoneurium damaged with an intact

perineurium
Grade IV Axon, endoneurium, and perineurium damaged

with an intact epineurium
Grade V Complete nerve transection
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parotidectomy, while permanent facial nerve dysfunction occurs in
only 0%e7% of patients [19e22].

Craniocerebral surgery (such as acoustic neuroma and other
cerebellar pontine angle tumor resection), parotid gland resection,
submandibular gland resection, and temporomandibular joint-
related operations can all cause facial nerve injury [16,23e25],
mainly due to excessive stretching, pinching or accidental cutting of
the nerve during the operation, electric knife injury, etc., and
postoperative tissue edema and compression. Thus, in the process
of treating tumors within the inner ear, it is important to take
precautions to protect the blood vessels. Surgeons should also be
well-versed in the anatomical layers and know the path of the facial
nerves, striving to dissect them under direct visualization with
gentle movements while avoiding direct, prolonged tension on
them. The use of electrocautery should be minimized, and suction
devices should be positioned as far away from the facial nerves as
possible to avoid excessive negative pressure. In the event of acci-
dental nerve transection, immediate nerve repair surgery should be
carried out (See Fig. 2).
5. Treatments for facial nerve injuries

5.1. Direct suture

For relatively small peripheral nerve gaps (<5mm), direct use of
9-0 or 1 0-0 sutures to suture the epineurium at both ends can
achieve better results. Smetana said that if the nerve defect gap is
relatively large, when end-to-end suturing is performed directly,
the suture will bear too much tension, and it will be difficult to
obtain an ideal prognosis [26]. However, related studies show that



Fig. 2. Various treatment methods are mainly applied to facial nerve injury repair, including clinical treatment methods and related basic research.
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direct suturing sometimes causes excessive manipulation, which
leads to excessive damage to some nerves and degenerative
changes during the inflammatory response. However, it must be
admitted that thismethod is still themost frequently used clinically
and has the best effect [27]. For large defects that are difficult to
suture in place, end-to-side nerve anastomosis can also be used to
anastomose the broken nerve with its adjacent nerve. The principle
is to let the nerve ending on the normal side send out new nerve
fibers so that damaged nerves can regenerate and reinnervate the
corresponding target organs. As early as 1903, Ballance [28] applied
this technology to the repair of facial nerve damage; however, the
clinical effect was not satisfactory, so even after a century, it was not
widely used in the end [29]. Several studies have proposed ways to
improve the efficacy of this technique, such as removing the
external nerve sheath of normal nerves at the end and reducing the
angle of suturing nerves, which can indeed achieve better repair
results than traditional end-to-end anastomosis [30e32].

5.2. Nerve grafting

In fact, nerve grafting is more suitable for large nerve gaps than
direct suturing. Nerve transplantation includes autologous nerve
transplantation, allogeneic nerve transplantation, and nerve graft
transplantation. Autologous nerve transplantation is more
commonly used. The method is to obtain a section of healthy and
normal nerve fibers from the body itself (except the damaged area)
and transplant this graft to the damaged area to repair the gap at
the site of damaged nerve rupture [33,34]. However, the disad-
vantage of this method is that a second surgery area needs to be
opened up, and there are considerable requirements for the donor.
When autologous nerve transplantation is performed, sensory
nerves such as the greater auricular nerve, sural nerve, and lateral
femoral cutaneous nerve are often selected clinically [35e38]. The
great auricular nerve and the sural nerve are most commonly used.
The former has the advantage of being close to the facial nerve, and
its shape is similar to that of the facial nerve. The latter has the
advantage of sufficient length and many nerve bundles. However,
since the facial nerve innervates the facial muscles mainly via
motor nerves, when sensory nerve transplantation is used, the
original nerve impulse may not be restored due to blood supply
problems and other reasons, resulting in continued facial paralysis
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symptoms. Moreover, the direction of stimulus conduction of mo-
tor nerves and sensory nerves is opposite, so during the trans-
plantation, the proximal end of the sensory nerve and the distal end
of the facial nerve are sutured, hoping to obtain a better repair
effect [39].

In addition to autologous transplantation, allogeneic trans-
plantation is also an effective treatment method. This operation
requires patients to undergo long-term immunosuppressive
treatment with a large number of various drugs to prevent the
rejection of the graft in the body [40]. Inhibition may in turn lead to
an increased incidence of infection to some extent. Therefore, at
present, more decellularized nerve grafts are used [41,42]dthese
grafts have had the Schwann cell nuclei and myelin sheaths that
cause immune reactions removed and only retain the basic struc-
ture and extracellular matrix of the nerves, which can greatly
reduce the occurrence of rejection [43,44]. After the operation, the
patient does not need to receive immunosuppressive treatment,
which reduces the risk of infection [45]. Hu found that the post-
operative follow-up of patients showed a significant recovery of
facial paralysis and no obvious rejection reaction [46]. The disad-
vantage of decellularized nerve grafts is that the lack of Schwann
cells limits their regeneration effect, especially when they are
longer in length. Related studies have shown that adding growth
factors to decellularized nerve grafts can improve this effect [47,48].

In addition to decellularized grafts, various types of nerve con-
duits are suitable for this procedure. Due to the characteristics of
the peripheral nerve structure, when there is enough space be-
tween the nerve stumps not occupied by other tissues, the nerve
fibers can also slowly regenerate along the canal. There are many
kinds of materials for making catheters, which are mainly divided
into nonabsorbable materials and absorbable materials. The most
researched materials are polylactic acid (PLA), polycaprolactone
(PCL) and polyglycolic acid (PGA), polyphosphoester (PPE), PGA,
poly-L-lactic acid (PLLA) and poly-DL-lactide-co-glycolide (PLGA)
[49e51]. The use of this type of catheter can obtain an effect similar
to allogeneic nerve transplantation, and catheters loaded with
related growth factors or drugs can achieve better repair results
than acellular grafts [52,53]. However, catheters made of nonab-
sorbable materials pose the problem of rejection, and some pa-
tients need a second operation to remove the catheter after surgery,
which aggravates the degree of nerve damage to a certain extent.
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Additionally, the catheter may degrade before the nerve stump is
healed, causing the surrounding connective tissue to invade the
nerve defect, and eventually, the nerve healing effect cannot meet
expectations. Aside from artificial catheters, natural materials
derived from the body itself can also be made into nerve catheters.
The tissues and structures existing in the body, such as skeletal
muscle tissue and blood vessels, are more compatible with the
body than other materials. Stronger, better effect of guiding axon
growth, and more parts and greater quantities can be obtained.
Many studies have shown that catheters or blood vessels made of
skeletal muscle tissue can effectively repair peripheral nerves in
experimental animals [54e56].

In general, nerve transplantation is suitable for nerve injuries
with high tension between stumps and wide nerve gaps, but its
repair effect is poorer than that of direct suturing. The reason may
be that nerve stumps need to span a long distance The distance to
be repaired is greater, and more cross-sections have been passed;
these reasons lead to the limited final repair effect of nerve grafting
[57,58].

5.3. Nerve transfer

If themotor nerve adjacent to the facial nerve is transferred, part
of the facial expression muscle function, such as the contralateral
nerve, masseter nerve [59], and hypoglossal nerve, can be restored
[60]. This method is suitable for situations where it is difficult for
the stump of the facial nerve to regain the nerve impulse corre-
sponding to the facial nerve. When the contralateral nerve is
selected, the patient can achieve a more symmetrical and natural
effect when producing different facial expressions because the
stimulation transmitted by the lateral nerve can be transferred to
the muscles innervated by the corresponding facial nerve on the
affected side, and this effect is the same as that of other facial
nerves. Neural switching methods cannot be achieved [61]. In
recent years, there have even been improvements to this technique.
Watanabe et al. used another motor nerve to provide the main
force, while the lateral nerve was mainly responsible for trans-
mitting and controlling the stimulation of facial expressions. The
two nerves controlled the repair together, which achieved better
results [62], while Jeong et al. improved the incision method and
transferred the lateral nerve to the affected side through the
intraoral approach, avoiding the appearance problems caused by
the facial incision [39].

5.4. Fibrin glue

In the case of short nerve gaps, fibrin glue can also be used for
nerve repair, and it can replace direct suture to a certain extent.
Studies have shown that the use of fibrin glue can reduce the
occurrence of inflammatory reactions compared with direct suture,
and the final prognosis of the two is almost the same [27,63]. The
direct application of fibrin glue to repair short neural gaps also
appears to be an ideal method for physicians who are not yet fully
proficient in microsurgery. Wu et al. also used alginate as a suture
replacement material, which also showed good repair effects in the
facial nerve injury model of experimental animals [64].

5.5. Stem cells

Stem cells have been widely studied for the treatment of nerve
injuries in the past two decades because they not only have the
potential to differentiate into nerve cells but also have the ability
to self-replicate. Diseases (such as spinal cord injury, brain injury,
and peripheral nerve injury) are promising [65e67]. Currently,
more research on mesenchymal stem cells, fat stem cells, dental
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pulp stem cells, etc., is being conducted [68e70]. In the maxillo-
facial region of the human body, most jaws and teeth develop
from the neural crest. Therefore, in the oral cavity, the source of
mesenchymal stem cells is very rich, and it has been verified that
mesenchymal stem cells can be extracted from the pulp, gingiva,
oral mucosa, apical papilla, and periodontal ligament of adult
teeth [71e75]. Many studies have shown that mesenchymal stem
cells can differentiate into Schwann cells, and Schwann cells can
promote the formation of myelin in the damaged area, so when
mesenchymal stem cells are applied to the surrounding injured
area, they can promote nerve regeneration and repair [76]. In
summary, mesenchymal stem cells have sufficient sources, are
easy to obtain, can rapidly proliferate, multidirectionally differ-
entiate into cells, and easily integrate with the host. These char-
acteristics make them an ideal cell source for promoting nerve
regeneration.

Adipose-derived stem cells and bone marrow-derived stem
cells, which are mesenchymal stem cells derived from adipose
tissue and bone marrow, respectively, are commonly used in
research. Trials of the use of these stem cells to promote peripheral
nerve regeneration have also achieved promising results [77e79].
Although some basic experiments on the promotion of facial nerve
regeneration by stem cells have achieved satisfactory results in
many studies, it is still necessary to continue to observe and explore
this aspect in depth to evaluate whether the use of animal models
in previous experiments is appropriate as well as to reduce the
number of animal experiments required. Notably, the obtained
results may introduce clinical risks [80,81].

5.6. Neurotrophic factors

Neurotrophic factors are polypeptide systems that support cell
survival, proliferation, differentiation and morphogenesis in
mammalian nerves; these factors include nerve growth factor
(NGF), brain-derived neurotrophic factor (BDNF), neurotrophic
Factor 3 (NT-3) and neurotrophic Factor 4/5 (NT-4/5). The positive
effects occur mainly through the strengthening of the intrinsic
transduction potential and the modulation of retrograde uptake
mediated by receptors post-interaction with molecular and
mechanistic signaling cascades. Nerve growth factor is mainly
secreted by glial cells and neurons. When peripheral nerve trauma
occurs, the presence of nerve growth factor can maintain the
microenvironment of nerve fiber regeneration. The role of neuro-
trophic factors in neuronal survival and the ability to promote
axonal outgrowth in the peripheral nervous system has been
extensively studied [82,83]. Further studies have shown that in
nerve-injured animals, the expression of nerve growth factor
secreted by neurons is down regulated [84]. Unfortunately,
endogenous neurotrophic factors cannot meet the needs of axonal
myelination and nerve growth [85], and exogenous neurotrophic
factors need to be administered to provide nutritional support for
axon regeneration for a long time to obtain a better curative effect.
The study by Hui et al. showed that local injection of nerve growth
factor can reduce the apoptosis of facial motor neurons in rats with
facial nerve injury, which proves that neurotrophic factors can
protect the injured facial nerve and relieve the symptoms of facial
paralysis [86].

To achieve the purpose of axon regeneration, many studies have
loaded neurotrophic factors into nerve scaffolds/catheters to
improve the speed and accuracy of damaged nerve recovery [82].
For example, in 1993, Spector et al. placed nerve growth factors into
a silica gel tube to repair a rabbit facial nerve injury. Compared with
catheters without neurotrophic factors, nerve catheters loaded
with neurotrophic factors promote the induction of axon growth
and the regeneration of target nerves at the nerve gap injury. The
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nerve conduit can not only protect neurotrophic factors from the
interference of various enzymes and prolong their action time but
also carry multiple neurotrophic factors concurrently to improve
the repair effect.

In addition to neurotrophic factors, other growth factors also
have corresponding facial paralysis repair effects. Raimondo et al.
used vascular endothelial growth factor (VEGF) and insulin-like
growth factor (IGF-1) to improve the muscle motor function in
mouse and rabbit models of facial paralysis [87]. Xu et al. also
demonstrated the repairing effect of VEGF in a rat facial nerve
injury model by overexpressing vascular endothelial growth factor
in rat dental pulp stem cells [88].

5.7. Drugs

The ideal drug would suppress nerve cell inflammation and
edema, reduce neurodegeneration and stimulate regeneration.
Steroid hormones have a similar effect. After Seth et al. [89] applied
dexamethasone to a rat facial nerve injury model, they found that
the amplitude level of the rat's compound muscle point was
significantly improved. Longur et al. also proved that dexametha-
sone influenced facial nerve regeneration. However, Yanilmaz et al.
[90] did not observe a significant improvement in facial nerve
function after applying methylprednisolone in the facial nerve
buccal branch injury model of New Zealand rabbits; however, they
found that melatonin acts as an amine hormone on facial nerve
injuries and has a recovery-promoting effect and that amino-
guanidine compounds alone have similar effects [91]. In addition to
hormonal drugs, many other medications have been proven to
promote facial nerve regeneration, including etanercept [92],
bumetanide [91], polyethylene glycol [93], p-acetylcysteine [94],
and danhong [95]. These drugs reduce the inflammatory response
caused by injury to varying degrees, slow the degeneration of nerve
fibers caused by axonal injury, and promote nerve repair. It can be
inferred that in the early stage of facial nerve injury in bedridden
patients, one or more drug interventions can be applied to mini-
mize the consequences of the injury. However, many drugs have
not been effective in repeated studies, and dexamethasone is still
one of the few drugs that is widely believed to alleviate facial nerve
damage.

6. Discussion

In summary, among the various methods of treating facial
nerve injury mentioned above, many studies have used one or
more methods to conduct animal experiments, such as admin-
istering relevant stem cells, neurotrophic factors, drugs, etc.
Regarding the recovery effect, in the case of minimal damage, flat
ends, and small gaps, the method of direct nerve suture can
obtain a very good curative effect, and all patients can experience
notable recovery of facial muscle function after surgery. The
possible reason for this is that when nerve fibers are directly
sutured, it can effectively avoid axonal regeneration in the wrong
direction, resulting in a decrease in the number of collateral
branches and an increased possibility of reestablishing connec-
tions between neurons and the correct target, thereby achieving
better neuromuscular control [96]. However, when the degree of
injury is large, the broken end is difficult to track, the gap is wide,
and it is difficult to anastomose the broken nerve directly, no
matter what method is used for repair, it is difficult to obtain an
ideal curative effect, and the improvement effect is limited,
especially for the damaged nerve. Although these treatment
methods can also reduce the formation of collateral branches
during axonal regeneration, the ultimate performance of facial
motor function is still limited by factors such as nerve excessive
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gap, rejection reaction of implants, inability to maintain drug and
growth factor concentrations. Moreover, patients who are not
treated in time experience minimal effects. Therefore, in the field
of facial nerve repair, in addition to timely intervention and early
repair of damage, more research and breakthroughs in long-term
damage repair are needed.

Funding

This work was funding by Jinan University Central University
Basic Research Business Fee Foundation (grant No. 2162331),
Guangdong Medical Science and Technology Research Fund Project
(grant No. A2023150).

Declaration of competing interest

All authors disclosed no relevant relationships.

References

[1] Kochhar A, Larian B, Azizzadeh B. Facial nerve and parotid gland anatomy.
Otolaryngol Clin 2016;49(2):273e84.

[2] George E, Richie MB, Glastonbury CM. Facial nerve palsy: clinical practice and
cognitive errors. Am J Med 2020;133(9):1039e44.

[3] Akinrodoye MA, Lui F. Neuroanatomy, somatic nervous system. Treasure Is-
land (FL): StatPearls; 2023.

[4] Veillona F, Ramos-Taboada L, Abu-Eid M, Charpiot A, Riehm S. Imaging of the
facial nerve. Eur J Radiol 2010;74(2):341e8.

[5] Spencer CR, Irving RM. Causes and management of facial nerve palsy. Br J
Hosp Med 2016;77(12):686e91.

[6] Ishii L, Godoy A, Encarnacion CO, Byrne PJ, Boahene KD, Ishii M. Not just
another face in the crowd: society's perceptions of facial paralysis. Laryngo-
scope 2012;122(3):533e8.

[7] Nitzan D, Kronenberg J, Horowitz Z, Wolf M, Bedrin L, Chaushu G, et al. Quality
of life following parotidectomy for malignant and benign disease. Plast
Reconstr Surg 2004;114(5):1060e7.

[8] Ryzenman JM, Pensak ML, Tew Jr JM. Facial paralysis and surgical rehabilita-
tion: a quality of life analysis in a cohort of 1,595 patients after acoustic
neuroma surgery. Otol Neurotol 2005;26(3):516e21. discussion 21.

[9] Miehlke A. Reconstruction of function in vocal cord paralysis. Round table
discussion. Laryngol Rhinol Otol 1986;65(1):1e4.

[10] Seddon HJ. A classification of nerve injuries. Br Med J 1942;2(4260):237e9.
[11] Sunderland S. The anatomy and physiology of nerve injury. Muscle Nerve

1990;13(9):771e84.
[12] House JW, Brackmann DE. Facial nerve grading system. Otolaryngol Head

Neck Surg 1985;93(2):146e7.
[13] Ali SA, Stebbins AW, Hanks JE, Kupfer RA, Hogikyan ND, Feldman EL, et al.

Facial nerve surgery in the rat model to study axonal inhibition and regen-
eration. J Vis Exp 2020;159.

[14] Mohri D, Satomi F, Kondo E, Fukuoka T, Sakagami M, Noguchi K. Change in
gene expression in facial nerve nuclei and the effect of superoxide dismutase
in a rat model of ischemic facial paralysis. Brain Res 2001;893(1e2):227e36.

[15] Siddiq MA, Hanu-Cernat LM, Irving RM. Facial palsy secondary to choles-
teatoma: analysis of outcome following surgery. J Laryngol Otol 2007;121(2):
114e7.

[16] Hohman MH, Hadlock TA. Etiology, diagnosis, and management of facial
palsy: 2000 patients at a facial nerve center. Laryngoscope 2014;124(7):
E283e93.

[17] Hohman MH, Bhama PK, Hadlock TA. Epidemiology of iatrogenic facial nerve
injury: a decade of experience. Laryngoscope 2014;124(1):260e5.

[18] Odebode TO, Ologe FE. Facial nerve palsy after head injury: case incidence,
causes, clinical profile and outcome. J Trauma 2006;61(2):388e91.

[19] Guntinas-Lichius O, Gabriel B, Klussmann JP. Risk of facial palsy and severe
Frey's syndrome after conservative parotidectomy for benign disease: analysis
of 610 operations. Acta Otolaryngol 2006;126(10):1104e9.

[20] Guntinas-Lichius O, Klussmann JP, Wittekindt C, Stennert E. Parotidectomy for
benign parotid disease at a university teaching hospital: outcome of 963
operations. Laryngoscope 2006;116(4):534e40.

[21] Moeller K, Esser D, Boeger D, Buentzel J, Hoffmann K, Jecker P, et al. Paroti-
dectomy and submandibulectomy for benign diseases in Thuringia, Germany:
a population-based study on epidemiology and outcome. Eur Arch Oto-Rhino-
Laryngol 2013;270(3):1149e55.

[22] Grosheva M, Klussmann JP, Grimminger C, Wittekindt C, Beutner D, Pantel M,
et al. Electromyographic facial nerve monitoring during parotidectomy for
benign lesions does not improve the outcome of postoperative facial nerve
function: a prospective two-center trial. Laryngoscope 2009;119(12):
2299e305.

[23] Eisele DW, Wang SJ, Orloff LA. Electrophysiologic facial nerve monitoring
during parotidectomy. Head Neck 2010;32(3):399e405.

http://refhub.elsevier.com/S2352-3204(23)00095-0/sref1
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref1
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref1
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref2
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref2
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref2
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref3
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref3
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref4
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref4
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref4
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref5
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref5
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref5
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref6
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref6
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref6
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref6
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref7
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref7
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref7
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref7
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref8
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref8
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref8
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref8
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref9
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref9
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref9
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref10
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref10
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref11
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref11
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref11
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref12
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref12
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref12
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref13
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref13
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref13
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref14
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref14
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref14
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref14
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref14
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref15
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref15
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref15
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref15
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref16
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref16
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref16
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref16
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref17
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref17
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref17
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref18
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref18
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref18
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref19
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref19
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref19
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref19
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref20
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref20
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref20
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref20
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref21
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref21
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref21
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref21
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref21
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref22
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref22
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref22
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref22
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref22
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref22
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref23
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref23
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref23


H. Huang, Q. Lin, X. Rui et al. Regenerative Therapy 24 (2023) 507e514
[24] Finsterer J. Management of peripheral facial nerve palsy. Eur Arch Oto-Rhino-
Laryngol 2008;265(7):743e52.

[25] Bendella H, Brackmann DE, Goldbrunner R, Angelov DN. Nerve crush but not
displacement-induced stretch of the intra-arachnoidal facial nerve promotes
facial palsy after cerebellopontine angle surgery. Exp Brain Res 2016;234(10):
2905e13.

[26] Smetana BS, Cao J, Merrell GA, Greenberg JA. Testing of direct neurorrhaphy
strain. J Hand Surg Am 2019;44(7):615 e1e6.

[27] Junior ED, Valmaseda-Castellon E, Gay-Escoda C. Facial nerve repair with
epineural suture and anastomosis using fibrin adhesive: an experimental
study in the rabbit. J Oral Maxillofac Surg 2004;62(12):1524e9.

[28] Ballance CA, Ballance HA, Stewart P. Remarks on the operative treatment of
chronic facial palsy of peripheral origin. Br Med J 1903;1(2209):1009e13.

[29] Yu Q, Zhang SH, Wang T, Peng F, Han D, Gu YD. End-to-side neurorrhaphy
repairs peripheral nerve injury: sensory nerve induces motor nerve regen-
eration. Neural Regen Res 2017;12(10):1703e7.

[30] Liu HJ, Dong MM, Chi FL. Functional remobilization evaluation of the para-
lyzed vocal cord by end-to-side neurorrhaphy in rats. Laryngoscope
2005;115(8):1418e20.

[31] Yan JG, Shen FY, Thayer J, Yan Y, LoGiudice J, Matloub H, et al. Repair of the
musculocutaneous nerve using the vagus nerve as donor by helicoid end-to-
side technique: an experimental study in rats. J Neurosci Res 2017;95(12):
2493e9.

[32] Viterbo F, Trindade JC, Hoshino K, Mazzoni Neto A. End-to-side neurorrhaphy
with removal of the epineurial sheath: an experimental study in rats. Plast
Reconstr Surg 1994;94(7):1038e47.

[33] Watanabe Y, Akizuki T, Ozawa T, Yoshimura K, Agawa K, Ota T. Dual inner-
vation method using one-stage reconstruction with free latissimus dorsi
muscle transfer for re-animation of established facial paralysis: simultaneous
reinnervation of the ipsilateral masseter motor nerve and the contralateral
facial nerve to improve the quality of smile and emotional facial expressions.
J Plast Reconstr Aesthetic Surg 2009;62(12):1589e97.

[34] Lee EI, Hurvitz KA, Evans GR, Wirth GA. Cross-facial nerve graft: past and
present. J Plast Reconstr Aesthetic Surg 2008;61(3):250e6.

[35] Shan XF, Cai ZG, Zhang JG, Zhang J, Gao Y, Yu GY. Management of sialo-
blastoma with surgery and brachytherapy. Pediatr Blood Cancer 2010;55(7):
1427e30.

[36] Altafulla J, Iwanaga J, Lachkar S, Prickett J, Dupont G, Yilmaz E, et al. The great
auricular nerve: anatomical study with application to nerve grafting pro-
cedures. World Neurosurg 2019;125:e403e7.

[37] Matos Cruz AJ, De Jesus O. Facial nerve repair. Treasure Island (FL): StatPearls;
2023.

[38] Karakawa R, Narushima M, Ogishima S, Hara H, Karino S, Iida T, et al. Free
anterolateral thigh full-thickness skin flap with vascularized lateral femoral
cutaneous nerve for the reconstruction of facial nerve and external auditory
canal after the resection of facial nerve schwannoma. SAGE Open Med Case
Rep 2017;5:2050313X17741825.

[39] Jeong J, Almansoori AA, Park HS, Byun SH, Min SK, Choung HW, et al. Per-oral
cross-facial sural nerve graft for facial reanimation. Maxillofac Plast Reconstr
Surg 2018;40(1):22.

[40] Brandacher G, Gorantla VS, Lee WP. Hand allotransplantation. Semin Plast
Surg 2010;24(1):11e7.

[41] Oatari M, Uehara M, Shimizu F. Evaluation of the effects of a polyglycolic acid-
collagen tube in the regeneration of facial nerve defects in rats. Int J Artif
Organs 2018;41(10):664e9.

[42] Szynkaruk M, Kemp SW, Wood MD, Gordon T, Borschel GH. Experimental and
clinical evidence for use of decellularized nerve allografts in peripheral nerve
gap reconstruction. Tissue Eng Part B 2013;19(1):83e96.

[43] Pan D, Hunter DA, Schellhardt L, Jo S, Santosa KB, Larson EL, et al. The accu-
mulation of T cells within acellular nerve allografts is length-dependent and
critical for nerve regeneration. Exp Neurol 2019;318:216e31.

[44] Qiao W, Lu L, Wu G, An X, Li D, Guo J. DPSCs seeded in acellular nerve grafts
processed by Myroilysin improve nerve regeneration. J Biomater Appl
2019;33(6):819e33.

[45] Sondell M, Lundborg G, Kanje M. Regeneration of the rat sciatic nerve
into allografts made acellular through chemical extraction. Brain Res
1998;795(1e2):44e54.

[46] Hu M, Xiao H, Niu Y, Liu H, Zhang L. Long-term follow-up of the repair of the
multiple-branch facial nerve defect using acellular nerve allograft. J Oral
Maxillofac Surg 2016;74(1):218 e1e218 e11.

[47] Moore AM, MacEwan M, Santosa KB, Chenard KE, Ray WZ, Hunter DA, et al.
Acellular nerve allografts in peripheral nerve regeneration: a comparative
study. Muscle Nerve 2011;44(2):221e34.

[48] Moore AM, Kasukurthi R, Magill CK, Farhadi HF, Borschel GH, Mackinnon SE.
Limitations of conduits in peripheral nerve repairs. Hand (N Y) 2009;4(2):
180e6.

[49] Goncalves C, Ribeiro J, Pereira T, Luis AL, Mauricio AC, Santos JD, et al. Prep-
aration and characterization of electrical conductive PVA based materials for
peripheral nerve tube-guides. J Biomed Mater Res A 2016;104(8):1981e7.

[50] Oh SH, Kim JH, Song KS, Jeon BH, Yoon JH, Seo TB, et al. Peripheral nerve
regeneration within an asymmetrically porous PLGA/Pluronic F127 nerve
guide conduit. Biomaterials 2008;29(11):1601e9.

[51] Chang CJ, Hsu SH. The effect of high outflow permeability in asymmetric
poly(dl-lactic acid-co-glycolic acid) conduits for peripheral nerve regenera-
tion. Biomaterials 2006;27(7):1035e42.
513
[52] Battiston B, Geuna S, Ferrero M, Tos P. Nerve repair by means of tubulization:
literature review and personal clinical experience comparing biological and
synthetic conduits for sensory nerve repair. Microsurgery 2005;25(4):
258e67.

[53] Narayan SK, Arumugam M, Chittoria R. Outcome of human peripheral nerve
repair interventions using conduits: a systematic review. J Neurol Sci
2019;396:18e24.

[54] Galeano M, Manasseri B, Risitano G, Geuna S, Di Scipio F, La Rosa P, et al. A free
vein graft cap influences neuroma formation after nerve transection. Micro-
surgery 2009;29(7):568e72.

[55] Acar M, Karacalar A, Ayyildiz M, Unal B, Canan S, Agar E, et al. The
effect of autogenous vein grafts on nerve repair with size discrepancy in rats:
an electrophysiological and stereological analysis. Brain Res 2008;1198:
171e81.

[56] Manthou ME, Gencheva D, Sinis N, Rink S, Papamitsou T, Abdulla D, et al.
Facial nerve repair by muscle-vein conduit in rats: functional recovery and
muscle reinnervation. Tissue Eng 2021;27(5e6):351e61.

[57] Renkonen S, Sayed F, Keski-Santti H, Yla-Kotola T, Back L, Suominen S, et al.
Reconstruction of facial nerve after radical parotidectomy. Acta Otolaryngol
2015;135(10):1065e9.

[58] Joseph AW, Kim JC. Management of Flaccid facial paralysis of less than two
years' duration. Otolaryngol Clin 2018;51(6):1093e105.

[59] Spira M. Anastomosis of masseteric nerve to lower division of facial nerve for
correction of lower facial paralysis. Preliminary report. Plast Reconstr Surg
1978;61(3):330e4.

[60] Dziedzic TA, Kunert P, Marchel A. Hemihypoglossal-facial nerve anastomosis
for facial nerve reanimation: case series and technical note. World Neurosurg
2018;118:e460e7.

[61] Jandali D, Revenaugh PC. Facial reanimation: an update on nerve transfers in
facial paralysis. Curr Opin Otolaryngol Head Neck Surg 2019;27(4):231e6.

[62] Watanabe Y, Yamamoto T, Hirai R, Sasaki R, Agawa K, Akizuki T. One-stage
free transfer of latissimus dorsi-serratus anterior combined muscle flap with
dual innervation for smile reanimation in established facial paralysis. J Plast
Reconstr Aesthetic Surg 2020;73(6):1107e15.

[63] Sterkers O, Becherel P, Sterkers JM. Repair of the facial nerve exclusively by
fibrin glue. 56 cases. Ann Otolaryngol Chir Cervicofac 1989;106(3):176e81.

[64] Wu S, Suzuki Y, Tanihara M, Ohnishi K, Endo K, Nishimura Y. Repair of facial
nerve with alginate sponge without suturing: an experimental study in cats.
Scand J Plast ReConstr Surg Hand Surg 2002;36(3):135e40.

[65] Wahab KW, Sanya EO, Adebayo PB, Babalola MO, Ibraheem HG. Carpal tunnel
syndrome and other entrapment Neuropathies. Oman Med J 2017;32(6):
449e54.

[66] Khalil N, Nicotra A, Rakowicz W. Treatment for meralgia paraesthetica.
Cochrane Database Syst Rev 2012;12(12):CD004159.

[67] Doneddu PE, Coraci D, Loreti C, Piccinini G, Padua L. Tarsal tunnel syndrome:
still more opinions than evidence. Status of the art. Neurol Sci 2017;38(10):
1735e9.

[68] Zhang RC, Du WQ, Zhang JY, Yu SX, Lu FZ, Ding HM, et al. Mesenchymal stem
cell treatment for peripheral nerve injury: a narrative review. Neural Regen
Res 2021;16(11):2170e6.

[69] Li Y, Kamei Y, Kambe M, Ebisawa K, Oishi M, Takanari K. Peripheral nerve
regeneration using different germ layer-derived adult stem cells in the past
decade. Behav Neurol 2021;2021:5586523.

[70] Luzuriaga J, Polo Y, Pastor-Alonso O, Pardo-Rodriguez B, Larranaga A, Unda F,
et al. Advances and perspectives in dental pulp stem cell based neuro-
regeneration therapies. Int J Mol Sci 2021;22(7).

[71] Gronthos S, Mankani M, Brahim J, Robey PG, Shi S. Postnatal human dental
pulp stem cells (DPSCs) in vitro and in vivo. Proc Natl Acad Sci U S A
2000;97(25):13625e30.

[72] Abe S, Yamaguchi S, Sato Y, Harada K. Sphere-derived multipotent progenitor
cells obtained from human oral mucosa are enriched in neural crest cells.
Stem Cells Transl Med 2016;5(1):117e28.

[73] Fournier BP, Loison-Robert LS, Ferre FC, Owen GR, Larjava H, Hakkinen L.
Characterisation of human gingival neural crest-derived stem cells in mono-
layer and neurosphere cultures. Eur Cell Mater 2016;31:40e58.

[74] Gosau M, Gotz W, Felthaus O, Ettl T, Jager A, Morsczeck C. Comparison of the
differentiation potential of neural crest derived progenitor cells from apical
papilla (dNC-PCs) and stem cells from exfoliated deciduous teeth (SHED) into
mineralising cells. Arch Oral Biol 2013;58(6):699e706.

[75] Rad MR, Atarbashi-Moghadam F, Khodayari P, Sijanivandi S. Periodontal lig-
ament stem cell isolation protocol: a systematic review. Curr Stem Cell Res
Ther 2022;17(6):537e63.

[76] Kitada M. Mesenchymal cell populations: development of the induction sys-
tems for Schwann cells and neuronal cells and finding the unique stem cell
population. Anat Sci Int 2012;87(1):24e44.

[77] Fujimaki H, Matsumine H, Osaki H, Ueta Y, Kamei W, Shimizu M, et al.
Dedifferentiated fat cells in polyglycolic acid-collagen nerve conduits promote
rat facial nerve regeneration. Regen Ther 2019;11:240e8.

[78] Ge Y, Zhang Y, Tang Q, Gao J, Yang H, Gao Z, et al. Mechanisms of the
immunomodulation effects of bone marrow-derived mesenchymal stem cells
on facial nerve injury in Sprague-Dawley rats. Stem Cell Dev 2019;28(7):
489e96.

[79] Wu L, Han D, Jiang J, Xie X, Zhao X, Ke T, et al. Co-transplantation of bone
marrow mesenchymal stem cells and monocytes in the brain stem to repair
the facial nerve axotomy. Eur J Histochem 2020;64(s2).

http://refhub.elsevier.com/S2352-3204(23)00095-0/sref24
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref24
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref24
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref25
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref25
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref25
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref25
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref25
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref26
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref26
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref26
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref27
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref27
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref27
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref27
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref28
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref28
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref28
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref29
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref29
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref29
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref29
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref30
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref30
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref30
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref30
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref31
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref31
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref31
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref31
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref31
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref32
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref32
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref32
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref32
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref33
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref33
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref33
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref33
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref33
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref33
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref33
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref34
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref34
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref34
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref35
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref35
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref35
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref35
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref36
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref36
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref36
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref36
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref37
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref37
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref38
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref38
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref38
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref38
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref38
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref39
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref39
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref39
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref40
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref40
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref40
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref41
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref41
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref41
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref41
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref42
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref42
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref42
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref42
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref43
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref43
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref43
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref43
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref44
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref44
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref44
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref44
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref45
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref45
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref45
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref45
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref45
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref46
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref46
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref46
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref46
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref47
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref47
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref47
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref47
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref48
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref48
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref48
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref48
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref49
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref49
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref49
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref49
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref50
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref50
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref50
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref50
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref51
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref51
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref51
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref51
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref52
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref52
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref52
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref52
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref52
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref53
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref53
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref53
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref53
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref54
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref54
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref54
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref54
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref55
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref55
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref55
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref55
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref55
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref56
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref56
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref56
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref56
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref56
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref57
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref57
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref57
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref57
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref58
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref58
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref58
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref59
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref59
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref59
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref59
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref60
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref60
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref60
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref60
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref61
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref61
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref61
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref62
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref62
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref62
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref62
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref62
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref63
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref63
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref63
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref64
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref64
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref64
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref64
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref65
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref65
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref65
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref65
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref66
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref66
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref67
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref67
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref67
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref67
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref68
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref68
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref68
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref68
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref69
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref69
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref69
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref70
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref70
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref70
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref71
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref71
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref71
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref71
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref72
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref72
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref72
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref72
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref73
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref73
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref73
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref73
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref74
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref74
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref74
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref74
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref74
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref75
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref75
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref75
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref75
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref76
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref76
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref76
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref76
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref77
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref77
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref77
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref77
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref78
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref78
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref78
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref78
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref78
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref79
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref79
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref79


H. Huang, Q. Lin, X. Rui et al. Regenerative Therapy 24 (2023) 507e514
[80] Euler de Souza Lucena E, Guzen FP, Lopes de Paiva Cavalcanti JR, Galvao
Barboza CA, Silva do Nascimento Junior E, Cavalcante Jde S. Experimental
considerations concerning the use of stem cells and tissue engineering for
facial nerve regeneration: a systematic review. J Oral Maxillofac Surg
2014;72(5):1001e12.

[81] Grosheva M, Guntinas-Lichius O, Arnhold S, Skouras E, Kuerten S,
Streppel M, et al. Bone marrow-derived mesenchymal stem cell trans-
plantation does not improve quality of muscle reinnervation or recovery of
motor function after facial nerve transection in rats. Biol Chem 2008;389(7):
873e88.

[82] Spector JG, Lee P, Derby A, Frierdich GE, Neises G, Roufa DG. Rabbit facial
nerve regeneration in NGF-containing silastic tubes. Laryngoscope
1993;103(5):548e58.

[83] Chao X, Xu L, Li J, Han Y, Li X, Mao Y, et al. Facilitation of facial nerve
regeneration using chitosan-beta-glycerophosphate-nerve growth factor
hydrogel. Acta Otolaryngol 2016;136(6):585e91.

[84] Grosheva M, Nohroudi K, Schwarz A, Rink S, Bendella H, Sarikcioglu L, et al.
Comparison of trophic factors' expression between paralyzed and recovering
muscles after facial nerve injury. A quantitative analysis in time course. Exp
Neurol 2016;279:137e48.

[85] Bendella H, Rink S, Grosheva M, Sarikcioglu L, Gordon T, Angelov DN. Pu-
tative roles of soluble trophic factors in facial nerve regeneration, target
reinnervation, and recovery of vibrissal whisking. Exp Neurol 2018;300:
100e10.

[86] Hui L, Yuan J, Ren Z, Jiang X. Nerve growth factor reduces apoptotic cell death
in rat facial motor neurons after facial nerve injury. Neurosciences
2015;20(1):65e8.

[87] Raimondo TM, Li H, Kwee BJ, Kinsley S, Budina E, Anderson EM, et al.
Combined delivery of VEGF and IGF-1 promotes functional innervation in
mice and improves muscle transplantation in rabbits. Biomaterials
2019;216:119246.
514
[88] Xu W, Xu X, Yao L, Xue B, Xi H, Cao X, et al. VEGFA-modified DPSCs combined
with LC-YE-PLGA NGCs promote facial nerve injury repair in rats. Heliyon
2023;9(4):e14626.

[89] Seth R, Revenaugh PC, Kaltenbach JA, Rajasekaran K, Meltzer NE, Ghosh D,
et al. Facial nerve neurorrhaphy and the effects of glucocorticoids in a rat
model. Otolaryngol Head Neck Surg 2012;147(5):832e40.

[90] Yanilmaz M, Akduman D, Sagun OF, Haksever M, Yazicilar O, Orhan I, et al. The
effects of aminoguanidine, methylprednisolone, and melatonin on nerve re-
covery in peripheral facial nerve neurorrhaphy. J Craniofac Surg 2015;26(3):
667e72.

[91] Longur ES, Yigit O, Kalaycik Ertugay C, Araz Server E, Adatepe T, Akakin D,
et al. Effect of bumetanide on facial nerve regeneration in rat model. Otolar-
yngol Head Neck Surg 2021;164(1):117e23.

[92] Topdag M, Iseri M, Topdag DO, Kokturk S, Ozturk M, Iseri P. The effect of
etanercept and methylprednisolone on functional recovery of the facial nerve
after crush injury. Otol Neurotol 2014;35(7):1277e83.

[93] Salomone R, Jacomo AL, Nascimento SBD, Lezirovitz K, Hojaij FC, Costa H, et al.
Polyethylene glycol fusion associated with antioxidants: a new promise in the
treatment of traumatic facial paralysis. Head Neck 2018;40(7):1489e97.

[94] Karlidag T, Yildiz M, Yalcin S, Colakoglu N, Kaygusuz I, Sapmaz E. Evaluation of
the effect of methylprednisolone and N-acetylcystein on anastomotic
degeneration and regeneration of the facial nerve. Auris Nasus Larynx
2012;39(2):145e50.

[95] Gao DK, Sun LH, Sun XY, Yang J, He JC. DHI increases the proliferation and
migration of Schwann cells through the PI3K/AKT pathway and the expres-
sion of CXCL12 and GDNF to promote facial nerve function repair. Neurochem
Res 2022;47(5):1329e40.

[96] Guntinas-Lichius O, Irintchev A, Streppel M, Lenzen M, Grosheva M,
Wewetzer K, et al. Factors limiting motor recovery after facial nerve tran-
section in the rat: combined structural and functional analyses. Eur J Neurosci
2005;21(2):391e402.

http://refhub.elsevier.com/S2352-3204(23)00095-0/sref80
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref80
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref80
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref80
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref80
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref80
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref81
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref81
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref81
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref81
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref81
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref81
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref82
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref82
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref82
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref82
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref83
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref83
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref83
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref83
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref84
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref84
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref84
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref84
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref84
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref85
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref85
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref85
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref85
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref85
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref86
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref86
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref86
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref86
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref87
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref87
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref87
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref87
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref88
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref88
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref88
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref89
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref89
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref89
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref89
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref90
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref90
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref90
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref90
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref90
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref91
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref91
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref91
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref91
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref92
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref92
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref92
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref92
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref93
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref93
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref93
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref93
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref94
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref94
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref94
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref94
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref94
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref95
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref95
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref95
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref95
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref95
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref96
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref96
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref96
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref96
http://refhub.elsevier.com/S2352-3204(23)00095-0/sref96

	Research status of facial nerve repair
	1. The concept of the facial nerve
	2. Clinical manifestations of facial nerve injury
	3. Classification of facial nerve injury
	4. Causes of facial nerve injury
	5. Treatments for facial nerve injuries
	5.1. Direct suture
	5.2. Nerve grafting
	5.3. Nerve transfer
	5.4. Fibrin glue
	5.5. Stem cells
	5.6. Neurotrophic factors
	5.7. Drugs

	6. Discussion
	Funding
	Declaration of competing interest
	References


