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Abstract. For patients diagnosed with advanced malignant
parotid tumour, radical parotidectomy with facial nerve sacri-
fice is part of the treatment. Multiple surgical techniques have
been developed to cure facial paralysis in order to restore the
function and aesthetics of the face. Despite the large number
of publications over time on facial nerve reanimation, a
consensus on the timing of the procedure or the donor graft
selection has remained to be established. Therefore, the aim
of the present study was to conduct a bibliometric analysis to
identify and analyse scientific publications on the reconstruc-
tion of the facial nerve of patients who underwent radical
parotidectomy with facial nerve sacrifice. The analysis on the
topic was conducted using the built-in tool of the Scopus data-
base and VOSviewer software. The first 100 most cited articles
were separately reviewed to address the aim of the study. No
consensus was found regarding the recommended surgical
techniques for facial nerve reanimation. The most used donor
cranial nerves for transfer included the following: Masseteric
branch of the V nerve, contralateral VII nerve with cross-face
graft,the XInerve and the XII nerve. The best timing of surgery
is also controversial depending on pre-exiting pathology and
degree of nerve degeneration. However, most of the clinical
experience suggests facial nerve restoration immediately after
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the ablative procedure to reduce complications and improve
patients' quality of life.
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1. Introduction

According to the 5th edition of the World Health Organization
Classification of Head and Neck Tumours from 2022,
salivary gland tumours (SGTs) consist of 15 benign and 21
malignant entities of epithelial origin, one type of benign
mesenchymal tumour and two types of non-neoplastic epithe-
lial lesions (1,2). SGTs are rare, with the overall incidence of
benign and malignant tumours accounting for 2.5-3.0 cases
per 100,000 individuals in Western countries (3). Most being
benign tumours arise in major glands (~70%) (4). The majority
of benign tumours (e.g. pleomorphic adenomas, Warthin
tumours, basal cell adenomas) involve the parotid gland (70%),
while malignant tumours mostly involve the minor glands
(56%), followed by the parotid gland (34%) (4). According
to Rousseau and Badoual (5), 15-32% of parotid tumours
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are malignant. Even though parotid gland tumours are not
very frequent, the presence of the facial nerve, a significant
functional structure within the parotid, has raised significant
interest focused on this pathological entity.

Surgery is the standard treatment for parotid cancer and
parotidectomy is a common procedure in parotid tumour
entities. Parotidectomy with facial nerve preservation is a
pre-requisite ever since it was first described by Thomas
Carwrdine in 1907 (6). Whether the mass lies above or below
the plane of the facial nerve, there is a consensus that facial
nerve branches should not be sacrificed unless there is clear
evidence of tumoral nerve involvement. Close margins do not
necessarily prognosticate an unfavourable result (7). However,
advanced neoplasms with facial nerve involvement require
radical parotidectomy in conjunction with facial nerve resec-
tion (8,9). Facial nerve rehabilitation is an important goal to be
achieved for increasing the quality of patients' life, the priority
being corneal protection and maintenance of oral competence,
followed by the restoration of facial symmetry and dynamic
movements (8).

Multiple surgical techniques have been developed for
curing facial paralysis and thus restore the function and
aesthetics of the face. Both the literature and previous clinical
results from our group encourage the idea of performing facial
nerve restoration immediately after the ablative procedure in
order to avoid repeated general anesthesia, to prevent neural
scarring and difficulty identifying nerve endings.

Despite the great number of publications over the last decade
on facial nerve reanimation, a consensus on the timing of the
procedure or the donor graft selection has remained to be estab-
lished. Therefore, it is necessary to summarize the research on
facial reanimation in radical parotidectomy, highlighting the
trends over time and the advantages of the new techniques.

Bibliometric analysis is a precise mathematical and
statistical evaluation of publications (such as journal articles,
books and proceedings), using literature databases, to provide
new insight into specific research/clinical fields (10). Using
such computer-assisted review methodology, core research
or authors, as well as their relationship, may be identified
by covering all of the publications related to a given topic of
interest (11).

The aim of the present study was to conduct a bibliometric
analysis to identify and analyse scientific publications on the
reconstruction of the facial nerve in patients who underwent
radical parotidectomy with facial nerve sacrifice in order to
improve the understanding of the importance of the timing of
facial reanimation.

2. Literature search and bibliometric analysis

A bibliometric analysis was performed using the in-built tool
of the Scopus database (Elsevier) and VOSviewer software
(version 1.6.19) developed by van Eck and Waltman at Leiden
University's Centre for Science and Technology Studies,
The Netherlands (12), following the guidelines proposed by
Donthu et al (11).

Search strategy. A Scopus database search was conducted
up to June 2023, containing the following keywords, with the
Boolean operator OR: (‘radical parotidectomy’ OR ‘facial

nerve reinnervation’ OR ‘facial reanimation’ OR ‘concurrent
facial reanimation’ OR ‘facial reanimation timing’); limited
to the English language; study type limited: Article, review,
book chapter.

The full record and cited references were retrieved and
exported in comma-separated values format for further
analysis in VOSviewer software.

Scopus in-built tools were used to assess the distribution
of the studies in terms of publication year, country/region,
journal and top cited articles. VOSviewer software was used to
perform data mining, mapping and clustering of the retrieved
articles.

Reviewing of the most cited articles. The top 100 most
cited articles were independently reviewed by two researchers
(IF and CMC) looking for answers to the following questions,
in accordance with the aim of the present study: i) Tumoral
nerve invasion; ii) facial nerve grading systems; iii) neuro-
physiological preoperative assessment of facial nerve function;
iv) imaging in ablative and reconstructive surgery of the facial
nerve; v) intraoperative management of tumoral invaded facial
nerve; and vi) timing of facial nerve reanimation.

To complete the literature review, besides the selected arti-
cles, a manual search in the 10 most relevant journals, revealed
from the bibliometric analysis, as well as in the reference lists
of the included papers, was also performed.

Search results. A total of 851 publications were retrieved
from the Scopus database, published from 1970 to June 2023.
These documents were full articles (79%), reviews (15.2%)
and book chapters (5.2%). A constant increase in the number
of articles published was noticed, with a peek in 2021 (72
documents) (Fig. 1A), published from >57 countries, with a
considerably higher rate of publications coming from the USA
(n=361; 42 4%), followed by the United Kingdom (n=80; 9.4%)
and Italy (n=65; 7.6%; Fig. 1B). The network visualization of
the co-authorship relationship between countries obtained in
VOSviewer software is displayed in Fig. 1C. The size of the
circles is proportional to the occurrence in the country. Only
countries with a minimum of 5 articles were included. The
USA is an important center of research on radical parotidec-
tomy with facial nerve reconstruction, in close collaboration
with the United Kingdom, Canada, Germany and Italy. A
recent center is South Korea, in close connection with Canada.

Among the countries with research on facial reanimation
and parotid neoplasm, the first five representative institutions
(out of the 161 institutions with at least three publications in
the field) are as follows: Massachusetts Eye and Ear Infirmary
(Boston, USA), Harvard Medical School (Boston, USA), Johns
Hopkins School of Medicine (Baltimore, USA), University of
Toronto (Toronto, Canada) and Ospedale San Paolo (Milan,
Italy). The top 10 institutions in terms of productivity in the
analyzed field are presented in Fig. 2.

The network map showing the collaboration between the
institutions with research published in the field is illustrated in
Fig. 3. All organizations with a minimum of one article were
included.

The main financial support for the research was provided by
the following 10 institutions: National Institute of Neurological
Disorders and Stroke (USA), Japan Society for the Promotion
of Science (Japan), National Institute on Deafness and Other
Communication Disorders (USA), National Center for
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Figure 1. Distribution of the published research on the topic among years and countries. (A) Yearly distribution of the published articles; (B) country distribu-
tion; (C) network map showing the relations (co-authorship) between various countries. The colors of links between countries indicate the publication year,
with the most recent contributions being marked in yellow color. The size of the circles and their labels is proportional to the number of publications.

Advancing Translational Sciences (USA), National Institutes of
Health (USA), Deutsche Forschungsgemeinschaft (Germany),
National Cancer Institute (USA), National Institute for Health
and Care Research (Great Britain), National Institute of
Dental and Craniofacial Research (USA) and National Natural
Science Foundation of China (People's Republic of China),
with most of the financial support being from the USA (7 out
of 10).

The top 10 journals in terms of the number of articles
published on facial reanimation in parotid neoplasms are
as follows: Plastic and Reconstructive Surgery (70 papers),
Journal of Plastic, Reconstructive and Aesthetic Surgery
(67 papers), Journal of Craniofacial Surgery (35 papers),
Annals of Plastic Surgery (32 papers), Laryngoscope (30
papers), JAMA Facial Plastic Surgery (22 papers), Journal
of Cranio-Maxillo-Facial Surgery (19 papers), Facial Plastic
Surgery (17 papers), Head and Neck (17 papers) and Current
Opinion in Otolaryngology and Head and Neck Surgery (16
papers) (Fig. 4). Of note, the trend of an increased number

of publications on the topic in the last years was observed.
The Journal of Plastic, Reconstructive and Aesthetic Surgery
published 8 papers on the topic in 2015 and the Journal of
Cranio-Maxillo-Facial Surgery published 8 papers on the
topic in 2021 and another 8 in 2022.

The authors with the largest number of publications in the
field are displayed in Fig. 5A and the most cited authors are
presented in Fig. 5B.

The co-authorship network, including authors with at
least one publication on the topic, clustered on research
groups, is displayed in Fig. 6. The color code highlights the
date of published articles, the most recent being colored in
yellow.

When performing the key-words analysis, the minimum
number of occurrences of an author's key word was set at 5.
Out of 1,218 keywords, 88 meet the threshold. Among the
most commonly used keywords by the authors are: Facial
reanimation, facial paralysis, facial palsy, hypoglossal nerve,
masseteric nerve and facial nerve (Fig. 7).
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Figure 3. Network map illustrated with WOSviewer software showing the collaborations between various organizations in terms of research on facial recon-
struction in radical parotidectomy. The color of an element (organization research) is determined by the cluster to which the element belongs and the lines
between the elements represent the links between the organizations (co-authorship of the papers).

3. Tumoral nerve invasion

The face is one of the most important parts of the human body
and facial expressions represent a critical pillar in non-verbal
communication. Nerve invasion can occur in a variety of
malignant tumours, and together with the tumour grade and
stage, has been reported as a strong prognostic factor for
survival (13). Facial palsy may have different causes: Nerve
invasion, extrinsic compression and inflammation. Perineural
and intraneural nerve invasion may vary between 7% (14) and
69.1% (for patients with parotid cancer and preoperative facial
weakness) (13). The tumour diameter has been determined
to be associated with the risk of facial nerve invasion, with

tumours sized >4-5 cm having positive facial nerve margins in
>80% of cases (15,16). Paraesthesia and pain are two predic-
tive factors of perineural nerve invasion (13).

Whether diagnosed preoperatively or intraoperatively,
facial nerve invasion by the malignant neoplasm is an indi-
cation for radical parotidectomy, a procedure in which part
of the nerve or even the entire nerve branching from the
stylomastoid foramen exit to the parotid margins requires to
be surgically removed. This may cause an impairment for the
patient, both functionally and psychosocially. According to
Bovenzi et al (17), facial nerve sacrifice was recorded in 3.7%
of cases of parotid tumour and only 25.5% of those patients
underwent a concurrent reinnervation procedure. Lu ef al (18)
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found a similar percentage of patients that underwent concur-
rent facial reanimation (31.2%) of any type, after radical
parotidectomy. Since facial weakness may be caused not
only by tumoral invasion, the question arises of how surgeons
should make the decision of whether to spare or sacrifice the
facial nerve (19). Extrinsic tumoral compression or inflam-
matory processes (20) may also determine facial weakness
and in this situation, a thorough intraoperative evaluation is a
critical factor in the decision-making process of facial nerve
management. In a comprehensive study, Park ef al (13) found
that in cases with nerve reaction, 26.9% had intra-neural
tumour invasion, 42.3% had perineural invasion and 30.8%
had no neural invasion of the facial nerve. This understanding
is crucial because facial weakness did not always indicate
tumour invasion of the facial nerve. As a consequence, the
decision to preserve or sacrifice the facial nerve should be
based on intraoperative additional findings.

4. Grading systems

In order to evaluate the status of the facial nerve either before
or after treatment, several facial nerve grading systems
were established. An ideal method for evaluating the facial
nerve has to be easy to use even by inexperienced clini-
cians, reproducible, fast, objective, with minimal expenses
involved and clinically relevant. House and Brackmann (21)
classified grading systems into 3 categories: Gross, regional
and specific. Also, they introduced the concept of weighted
or unweighted regional grading systems. Weighted means
that certain areas of the face are given less importance
within the grading system due to less functional or aesthetic
importance (e.g. the forehead) (22). Specific systems

highlight the existence of certain associated symptoms and
signs.

In 1971, Adour and Swanson (23) suggested a weighted
grading system, comparing the frontal, eye and mouth regions
of the face on the paralyzed compared with the normal side.
In 1976, Yanagihara (24) described an unweighted system that
assesses 10 areas of facial function, without the consideration
of secondary effects. Subsequently, in 1977, Stennert et al (25)
described a double-weighted system: Face at rest, weighted at
40%; and in motion, weighted at 60%. The different regions of
the face were also weighted. Secondary effects were graded
independently (25).

Since 1985, the House-Brackmann (H-B) scale is the most
frequently used grading scale to evaluate the function of the
facial nerve (26). As it is based on clinical observational
judgment, which may differ from one clinician to another,
this option is a clinical means to assess the voluntary facial
motion and categorize 6 degrees of facial nerve impairment.
There are 6 grades within the H-B grading system: Grade 1
indicates a functionally normal face; grade 2 patients show
mild facial weakness; grade 3 indicates moderate weakness
with the ability to voluntarily close the eye; grade 4 patients
show moderate weakness without volitional eye closure
ability; grade 5 indicates severe facial weakness; and grade 6
represents total facial paralysis.

The Burres-Fisch (B-F) linear measurement system (26)
was introduced in 1986 and it consists of 3 parts: The patient's
global analysis, the physician's detailed analysis and the
physician's global evaluation. In the patient's analysis, a gross
self-evaluation is performed in order to evaluate the improve-
ment, and it is expressed as a percentage. In the physician's
detailed analysis, a weighted approach is performed: The
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scores, with the following significance: 0%, total asymmetry;
30%, significant asymmetry; 70%, slight asymmetry; and
100%, symmetry, are calculated as the weight of each assess-
ment as follows: Rest position, 20%; forehead wrinkle, 10%;
eyes closed tight, 30%; smile, 30%; and whistle, 10%. The
average calculated from the results of the three parts gives
the final result (27). The limitations of this procedure are as
follows: It involves a time-consuming process and there is a
lack of evaluation of resting symmetry and secondary defects.

The Nottingham grading system described by
Murty et al (28) in 1994 is a more practical and simplified
version of the B-F linear measurement index. It consists of
3 parts: In the first stage, objective measures are performed
at rest and in 3 movement positions: Raise eyebrows, close
eyes tightly and smile. In the second part of the Nottingham
grading system, the clinician records the presence or absence
of secondary defects and the third part consists of a question-
naire for the patient recording the presence or absence of
crocodile tears, decreased lacrimation or dysgeusia (28).

The Sunnybrook Facial Grading System (SFGS) is a
subjective grading system that assesses face symmetry at
rest and during five standard voluntary movements (29,30).
Furthermore, it allows the assessment of each secondary

defect associated with the voluntary movements and grades
the severity of these, if present. Since it allows quantification
of facial paralysis, it is a convenient tool to be used in moni-
toring the changes in time related to facial function.

Evolving imaging technology has facilitated the develop-
ment of new clinical tools for the assessment of facial function.
Clinical photography, videos and computer programs have
been used in order to achieve a more universal language
between clinicians and to facilitate the communication
between clinicians and patients. In 1995, el-Naggar et al (31)
suggested a method to assess the recovery of facial functions
by using life-size photographs that were overlapped with
previously taken photographs.

As reported in 1997, Yuen et al (32) used the Moiré topog-
raphy technique to evaluate facial palsy. The Moiré topography
is an optimal measurement that maybe used to create a 3D
map of the face with high accuracy (33). However, due to the
expense of the equipment and the time-consuming process,
this technique is uncommon in daily clinical practice.

e-FACE is an electronic, observer-graded visual analogue
scale used for unilateral facial paralysis. It is a 16-item instru-
ment structured with 5 static items, 7 dynamic items and 4 sin
kinetic items, which performs a mathematical correlation to
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overall disfigurement and offers a graphic output (34). Facial
Assessment by Computer Evaluation (FACE) software is a
computer-based clinical tool, designed for facial analysis and
described by Hadlock and Urban (35). The program involves
a photography-based concept by analysing facial photography
at rest and during 5 standard movements. According to the
authors, with the use of the FACE program, the mean time
to complete a set of measurements was only 1.3 min, which
provides a significant benefit in clinical practice (35).

The Facial Motor Evaluation scale was developed and vali-
dated by Ojha er al (36) to overcome the limitations regarding
the subjectivity and the expertise of the professionals admin-
istering the tests (e.g. H-B, B-F, SFGS tests), the requirements
of specific software, hardware, longer data entry time such
as for the case of e-FACE software and the lack of graphic
representations of scoring criteria.

5. Neurophysiological preoperative assessment of facial
nerve function

Since for patients diagnosed with advanced malignant parotid
tumour, radical parotidectomy is part of the treatment, there is
the need for a clear therapeutic evaluation, in order to establish
whether facial nerve sacrifice is required so that a negative
oncological margin can be achieved. According to the study
by Bendet et al (37) from 1998, facial neurological deficit may
become visible after more than half of the facial nerve fibres
are invaded by the malignant neoplasm. The key implication
drawn from this fact is that in numerous oncological patients,
there is a subclinical nerve degeneration and an objective and
reliable method is necessary to assess the facial nerve integrity.
Facial nerve degeneration may be quantitatively assessed using
facial neurography, which is a reliable method in numerous
conditions affecting the facial nerve (37,38). This examina-
tion is based on a comparative result between stimulation of
the facial nerve on the healthy side and the contralateral side.
Facial electroneurography (ENG) is a subclinical analysis that
may influence the therapeutical decision-making process (39),
as it may objectively establish the degree of nerve damage
preoperatively and postoperatively.

In a prospective study on 33 patients with parotid
neoplasms, Aimoni et al (40) found, in 3 out of the
6 patients with a histologically confirmed malignant tumour,
potential abnormalities of amplitude and latency of the
facial movements in the absence of facial nerve deficits,
indicating a strong need for objective neurophysiological
assessment. However, their study was limited in its appli-
cation, as the number of patients with parotid cancer was
relatively small (only 6 patients with parotid gland cancer).
Wiertel-Krawczuk er al (39) found a positive correlation
between changes in facial motor fibre transmission, deter-
mined on facial motor nerve fibers (ENG), and the type of
tumour. This understanding is crucial because neurophysi-
ological preoperative assessment of each facial nerve branch
can guide the clinician in the decision-making process and
allows them to decide on surgical nerve reconstruction at an
appropriate time, depending on the degree of neural degener-
ation. Timing of surgical nerve reconstruction can be divided
into immediate, early (1 month), delayed (3 to 6 months) and
late (1 to 2 years or more). When electrodiagnostics reveal a

complete lesion of a neural branch (neurotmesis), immediate
nerve reconstruction is desired (39).

6. Imaging in ablative and reconstructive surgery of the
facial nerve

Preoperative prediction of the facial nerve status and its rela-
tion to the parotid neoplasm is of tremendous importance for
surgical planning, since it is a highly vulnerable structure
with a complex course, prone to injury during parotid surgery.
Imaging tools commonly used in preoperative assessment are
ultrasonography, computed tomography (CT) and magnetic
resonance imaging (MRI). The choice of the imaging modality
utilized in the assessment of the facial nerve and relation with
other anatomical or pathological structures is dependent on
the differential diagnosis, patient status, localization of the
pathological entity and purpose of the investigation (41).

Ultrasonography is a dynamic non-invasive diagnostic tool
that has several advantages over other imaging diagnostic tools,
namely: It is fast and cheap, has the ability to be used at the
bedside and does not require radiation. Due to recent advance-
ments in high-resolution ultrasonography, this investigation
allows the assessment of the extra-temporal course of the facial
nerve in an accurate and reproducible way. High-resolution
ultrasonography is a valuable diagnostic tool, as it has a supe-
rior resolution; it is faster and more dynamic in comparison
to conventional ultrasonography. Wegscheider et al (42) found
that the use of a 5-18 MHz linear array transducer facilitated
the identification of the main facial nerve trunk, parotid plexus
and branches innervating the orbicularis oculi and zygomatic
major muscle in 8 cadaveric hemifaces, as follows: The main
trunk was identified in 75% (6 out of 8) of the cases, parotid
plexus was clearly identified in 100% (8 out of 8) of the
cases, the branches innervating the orbicularis oculi muscle
were identified in 7 out of 8 cases (87.5%) and the branches
innervating the zygomatic major muscle in 6 out of 8 cases
(75%). Also, the furcation of the main trunk of the facial nerve
was clearly visible on 4 of 4 sides (100%) in vivo in the two
volunteers included in the study (42). However, the study has
limitations, as it was performed mostly on cadavers and the
number of specimens was small.

Conventional CT and MRI may offer significant infor-
mation related to the extent of the parotid neoplasm and the
relation of the tumour to the stylomastoid foramen. As is
common practice in numerous countries, CT scans together
with ultrasounds are the first choice of imaging investigations
in cases of patients clinically diagnosed with parotid tumour.
When using CT to evaluate the facial nerve, high-resolution
temporal bone CT may offer valuable information regarding
the intra-fallopian segment of the facial nerve to the stylomas-
toid foramen, but the intratemporal part of the nerve may be
indirectly assessed, only if the pathological entity determined
bone erosion or destruction (41). For the assessment of the
extratemporal segment of the facial nerve, MRI has proven to
be a more accurate imaging examination.

MRI can also be used as a valuable tool in the assessment
of the facial mimetic muscles in long-standing paralysis cases
and in exploring the status of postoperative free flaps, or facial
muscle growth after facial nerve reconstruction (43). However,
ithas been previously demonstrated that certain MRI sequences
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may enable visualizing the facial nerve from the stylomastoid
foramen at least to the level of the proximal part or event
further for both cervico-facial and temporo-facial trunks in a
predictable and repeatable manner. Guenette ef al (44) assessed
32 facial nerves of 16 healthy patients, with no exceptions.
The same success rate was described for the assessment of
the facial nerve in 4 patients diagnosed with parotid tumours.
A weakness of his study was that in only 3 out of 36 nerve
assessments, an intraoperatory anatomical validation had been
made by the surgeon. In a comprehensive prospective study,
Takahashi et al (45) made the preoperative assessment of the
main trunk of the facial nerve, as well as the cervico-facial
and temporo-facial divisions, using high-resolution MRI
with a surface coil. The imaging results were then superim-
posed with the anatomical surgical findings. The accuracy
of the MRI assessment of the facial nerve is reflected by the
following numerical data: The main trunks and cervico-facial
and temporo-facial divisions of the facial nerves were identi-
fied in 100, 84.1 and 53.8%, respectively, in the axial plane
of three-dimensional gradient-recalled acquisition in the
steady-state images and the relationships of the tumours to
the facial nerves were correctly diagnosed in 11 (91.7%) of
12 cases (45). That study highlighted the important value of
high-resolution MRI using specific sequences in the preopera-
tive evaluation of the facial nerve status and its relation with
the parotid tumour.

7. Intraoperative management of tumoral invaded facial
nerve

There is currently no consensus on the best practice for
immediate facial reanimation. Mild improvement of facial
palsy will tremendously improve the quality of life. Static and
dynamic reanimation may be performed. Non-vascularized
nerve grafts are used for facial nerve reconstruction and there
are various alternatives for donors, e.g. greater auricular nerve,
sural nerve, medial or lateral antebrachial cutaneous nerve,
superficial radial nerve or thoracodorsal nerve.

Quality of life. Even though there is a subjective
component of perception from one individual to another,
a disabled person is likely to have a lower quality of life.
Facial palsy has a tremendous negative impact both on func-
tional and psychological status of patients affected by this
disorder. The inability to physiologically move the mimetic
muscles may jeopardize numerous functions dependent on
these muscles. Speech disturbance, saliva running out of
the mouth, dropping eye or corner of the mouth, as well as
eating difficulties, are common functional issues specific to
facial palsy. The perception of individuals suffering from
facial paralysis by others may also lead to the deterioration
of the quality of life for the affected individual (46). In a
study published by Walker et al (47), it was indicated that
60% of all patients showed symptoms suggestive of anxiety
and/or depression. The communication is clearly disturbed
due to numerous factors: Decreased facial movement was
the most frequent cause reported by the affected individuals
(74%), followed by synkinesis as a second reason (48%),
dislike of their facial appearance (13%) and facial asym-
metry (3%) (46). Coulson et al (46) reported that 50% of the
patients classified themselves as not effective at expressing

one or more of the six primary emotions described by
Ekman (48) (happiness, disgust, surprise, anger, sadness
and fear).

Clinicians should be aware of the risk factors involved
in the dysfunction of facial nerves, and proper preoperatory
information related to the management of facial nerves should
be delivered to the patients. Multiple studies have established
the importance of facial palsy treatment in order to increase
the quality of life of the patients who had radical parotidec-
tomy (49), as well as pre- and postoperative psychological
counseling.

Immediate reanimation options in radical parotidectomy.
Optimal reconstruction following a radical parotidectomy
requires that several aspects should be aesthetically and func-
tionally restored. Contour deformity, cutaneous defects and
facial reanimation are the main issues to be addressed. For
facial reanimation, the available options may be grossly clas-
sified into cable grafting procedures, regional muscle transfer
and suspension procedures (50,51). One of the main important
ablative sequelae to be managed is the inability to close the
eye.

Immediate or recent facial reanimation after radical
parotidectomy has several benefits; two of the most important
gains are the duration of paralysis, which is shortened, and
the quality of life, which is statistically higher in patients
whose facial reanimation was performed in an immediate
or recent approach in comparison to those that had a delayed
reanimation (52). Repeated general anesthesia, neural scarring,
Wallerian degeneration and difficulty in identifying nerve
endings are the disadvantages of performing facial reanima-
tion in a delayed approach. However, due to several aspects,
in most of the oncological ablative procedures that involve
sacrificing the facial nerve, only some of the patients benefit
from facial reanimation or ancillary procedures. Lu et al (18)
found that one-third of the oncological patients whose main
procedure was radical parotidectomy had concurrent or recent
reanimation.

Depending on the nerve resection extent and availability of
the proximal/and distal part of the facial nerve, several options
are available for facial nerve reconstruction: Direct coapta-
tion/neurorrhaphy [usually when <1 cm is missing (18)], cable
grafting, mastoidectomy to assess the proximal segment of the
facial nerve + cable grafting, and nerve substitution, when the
proximal part of the nerve is not accessible (53).

Other different ways to make the classification of the proce-
dures to be performed in facial reanimation are nerve-type
repairs, non-nerve or sling-type repairs and muscle-free flap
procedures (51).

Salivary drooling and incompetence in closing the eye are
common complications after an ablative tumour procedure.
Mixing both static and dynamic facial reanimation is the treat-
ment of choice for such patients (54).

Frozen sections are supposed to be performed both at the
proximal and distal stump of the resected facial nerve. However,
positive margins do not significantly affect nerve recovery
according to a study published by Wax and Kaylie (55).

In order to facilitate the adaptation between the caliber of
the nerve graft and several distal stumps of the facial nerve, the
stumps can be pulled together and coated to a single extremity
of the nerve graft (56). Another option is to divide the graft
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in order to make the coaptation with multiple distal stumps
possible (57).

Cable grafting cases have a larger rate of synkinesis in
comparison to direct coaptation (58,59). Using 2 different
neural inputs for the upper and the lower aspect of the face
also decreases the likelihood of sinkinetic complication (56).

The distinction between quantitative and qualitative neural
inputs also requires consideration. Tomita et al (60) described
the concept of double innervation by mixing neural inputs from
both the hypoglossal (quantitative source) and facial nerve
(qualitative input). Bianchi et al (61) and Biglioli er al (62)
introduced double enervation with masseteric and contralat-
eral facial input.

The masseteric nerve provides neural input, decreasing
the risk of muscular fibrosis and cross-facial nerve grafts
offer spontaneity to smile. Combining these two options,
the complication of sinkinesis is decreased, since the nerves
corresponding to the upper face have different neural input in
comparison to the muscles of the lower face (63).

The recovery time is also decreased due to the neural input
from the masseteric nerve (53). A technique featuring triple
neural inputs was later on described by Biglioli et al (64). For
recent paralysis [cases in which electromyography (EMG)
was used to confirm the presence of fibrillations], 3 neural
sources were used: 2 quantitative neural inputs (masseteric
and 30% of hypoglossal nerve) and one qualitative source
(contralateral facial nerve via two sural nerve cable grafts).
The temporo-facial branch (on the paralyzed side of the face)
is supposed to be identified, sectioned and skeletonized, and
an end-to-end coaptation must be performed to the masseteric
nerve, previously dissected. The cervico-facial branch (on
the paralyzed side of the face) is identified and sectioned in
a similar manner to the one described for the temporo-facial
one. After an epineural window is created on the hypoglossal
nerve and 30% of this nerve is incised, an end-to-side coapta-
tion between the cervico-facial and hypoglossal nerve must
be performed. In order to achieve a tension-free coaptation, a
short surreal nerve graft should be used (64).

When wide excision of malignant neoplasms is required, in
numerous cases, an important part of the mimetic muscles is
sacrificed, either due to direct tumoral invasion or in order to
achieve negative ontological margins. This situation needs to
be addressed by the reconstructive surgeon in order to recon-
struct the missing facial and intraoral soft tissue. Traditionally,
soft tissue and facial nerve reconstruction are performed in 2
different stages. However, in the literature one-stage technique
has been indicated to provide optimal results (60-63).

Urken et al (65) was the first to report a concurrent facial
nerve reconstruction after extended radical parotidectomy
with a vascularized radial nerve graft and radial free flap; the
resulting soft-tissue defect after the ablative procedure was
reconstructed with radial free flap and the radial nerve was
used to bridge the defect of the facial nerve.

Teknos et al (66) reported, for the first time, the recon-
struction of complex parotidectomy defects using lateral arm
free tissue transfer, and in the case presented, the posterior
cutaneous nerve of the forearm and the nerve to the lateral arm
were used to reconstruct the facial nerve.

Primary facial nerve reanimation with simultaneous soft
tissue reconstruction using a glacillis myocutaneous free

flap was first described by Lin et al (54). When there was no
through-and-through defect, the cutaneous paddle of the grac-
ilis free flap was used to restore the intraoral defect followed
by inset of the other part of the muscular flap in order to restore
the facial defect. When there was a through-and-through check
resection, two free flaps were used to restore the ablative defect:
The Anterolateral thigh, antero-medial thigh or fibula flap was
used to restore the intramural defect and the cutaneous paddle
of the gracilis free flap was used to rehabilitate the facial
defect (54). The technique, as described by Lin et al (54), was
performed as follows: A gracilis myocunanteous free flap was
harvested in a conventional manner. After the tumour ablative
procedure was done, the proximal part of the flap was inset
between the modiolus and zygomatic arch (with interosseous
wires). The inset was performed only after the optimal length
and vector direction had been determined. The muscular part
of the flap was used to fill either the retromolar or maxillary
antrum dead space and the skin paddle segment of the flap was
used either to reconstruct the intraoral mucosal defect or the
facial skin wound. The coaptation between the obturator nerve
and the proximal facial nerve stumps was performed together
with the microvascular anastomosis to a branch of the internal
jugular vein and a branch of the external carotid artery (54).

Revenaugh et al (67) described a method for single-stage
reconstruction during radical parotidectomy with the use of
anterolateral thigh fat and fascia flaps for facial contouring,
orthodromic temporalis tendon transfer, cable grafting of the
facial nerve and fascia lata lower lip suspension.

A similar approach was reported by Ch'ng et al (68). The
procedure was a combination of the anterolateral thigh free
flap and cervico-facial rotation advancement flap, repair of the
facial nerve with the nerve to the vastus lateralis segmental
interpositional graft, gold weight loading of the upper eyelid,
lateral canthopexy, temporalis and digastric muscle transfers,
and a delayed brow lift (68).

Donor nerve graft selection. Numerous sources of nervous
tissue have been described for use in facial nerve reconstruc-
tion, such as the sural nerve, lateral antebrachial cutaneous
nerve, medial antebrachial cutaneous nerve, the nerve to the
vastus lateralis and the great auricular nerve. Both sensory and
motor nerve may be used as nerve grafts in facial reanimation
but there is evidence that motor nerve grafts may offer better
results than sensory nerve grafts (69).

The great auricle nerve (10 cm) is a good option as a nerve
graft, since both the donor site and recipient site are within
the same surgical field. The only drawback it brings is the
morbidity associated with the numbness of their lobe, which is
a neglectable aspect in most of the patients (62,70). However,
in parotid cancer, the great auricle nerve is not commonly
used, since it is not uncommon that this nerve is invaded by
the malignant neoplasm as well (71).

The sural nerve is one the most commonly used nerves as
a cable graft due the its available length (40 cm) and its low
morbidity, involving hypoesthesia on the lateral aspect of the
foot (72).

Other nerve graft options are the medial antebrachial
cutaneous nerve and lateral antebrachial cutaneous nerve
of the upper arm (73). The mean length of this nerve graft
is 15-20 cm and its branching is an important characteristic
that fits distal stumps of the sectioned facial nerve. The most
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important disadvantage to be taken into consideration is the
risk of injury of the median nerve, brachial artery or basilica
vein (74).

The superficial radial nerve may be a suitable option,
particularly in those clinical situations where the radial
forearm flap is used to reconstruct the soft tissue after ablative
parotid surgery (75).

Thoracodorsal nerve graft used for facial nerve reconstruc-
tion was first described by White et al (76). The limitation
of his article is that there was only one case described using
thoracodorsal nerve graft. A more comprehensive study on
this topic was published by Biglioli et a/ (77). The main advan-
tages of the thoracodorsal nerve graft consist of the branching
pattern, similar to the one of the facial nerve, which facilitates
the coaptation between the distal stumps of the facial nerve
and branches of the thoracodorsal nerve.

Cranial nerve selection for transfer. Selection of the
cranial nerves for transfer requires thorough clinical judgment
and a careful understanding of the balance between advan-
tages and disadvantages of each donor site. The balance must
be individualized for each case scenario, taking into account
several variables, including the type of neural input that is
necessary for an optimal reanimation (quantitative and quali-
tative), morbidity associated with the donor site, topographic
characteristics of the donor nerve (fibre type, branching
pattern, diameter and number of axons) and the necessity of a
supplemental nerve graft (78).

Conventional donor nerves for transfer to reconstruct the
facial nerve include the following: Masseteric branch of the
V nerve, contralateral VII nerve with cross-face graft, the XI
nerve and the XII nerve (78), which are described in detail
below. Nerve coaptation may be achieved using suture, tissue
glue, nerve wraps or a combination of these.

i) The masseteric nerve, branching from mandibular divi-
sion of the trigeminal nerve (V), for nerve substitution was
first described by Spira (79), who used it for the reinnerva-
tion of the lower division of the facial nerve. Since then, the
use of the masseteric nerve for facial reanimation gradually
evolved due its numerous advantages. From a surgical point of
view, its location is s favourable characteristic, since the donor
location is in the same surgical field as the recipient site (80).
Related to the anatomical features, the masseteric nerve is
quite similar in diameter to the trunk of the facial nerve and
it provides >1,500-2,500 motor axons for coaptation (81,82).
The morbidity associated with its harvest is low and accept-
able in most patients, since the master muscle and temporalis
muscle work in synergy and there is subsequent chewing
dysfunction after nerve disruption. Since it is located close
to the facial nerve divisions, in most cases, there is no need
for an adjunctive nerve graft to bridge the masseteric to facial
nerve. Even though the masseteric neural input is a quanti-
tative one, it may produce an effortless smile without biting
in most patients (83,84). This is due to the neuroplasticity of
the brain, a mechanism in which new pathways are created
between the trigeminal and facial nerve (85). Even though the
provided tone is poor, masseteric division of the trigeminal
nerve facilitates significant facial movements (61,62,64).
It provides a reduced time for the reinnervation, ~5 months
(range, 2-7 months) (86), varying based on the facial nerve
branch reanimated (increased for the main trunk and shorter

for the zygomatic/buccal branches) and patient's age (faster in
younger patients) (87).

ii) The hypoglossal nerve (XII) has been traditionally
considered the ‘gold standard’ in facial reanimation using
a nerve transfer procedure. The advantage provided by the
use of this nerve in facial reanimation procedures is that it is
relatively easy to dissect without the necessity to extend the
conventional incision performed for reanimation. The nerve
transfer was first described by Korte in 1901, but the morbidity
associated with hypoglossal nerve transection in order to
perform an end-to-end coaptation determined the modifica-
tion of the surgical approach. In order to avoid permanent
morbidity, a window is supposed to be created into the hypo-
glossal nerve and an end-to-side coaptation to be performed.
This neurorrhaphy procedure is facilitated by the high number
of myelinated axons, between 9,200 and 12,594 myelinated
axons (88-90). The neural input is a quantitative one, providing
an optimal tone and movement. Even though the traditional
procedure was classified as one with high morbidity related
to tongue atrophy and deglutition disturbance, using 1/3 of
the XII nerve has been accepted as an optimal alternative. By
convention, it is necessary to use a nerve graft to bridge the
VII nerve to the XII nerve. However, the vertical or mastoid
segment of the facial nerve measures between 15 and 20 cm
and mastoidectomy may facilitate the transposition of the
facial nerve in order to avoid the necessity of an additional
cable graft. Another drawback of using the XII nerve for facial
transfer is the synkinesis complication that has a higher inci-
dence in comparison to other nerve transfer sources.

iii) Contralateral facial nerve (VII) with cross-face
graft: The facial nerve is composed of 6,000-7,000 myelin-
ated motor fibers that innervate between 19 to 24 mimic
muscles (91). Cross-face nerve grafting with the use of the
sural nerve, as a cable nerve graft, was first described in
1971 by Scaramella, but the result was suboptimal (92,93).
Harii et al (94) described a modification of the technique by
performing the coaptation to a gracilis muscle in a secondary
stage. The neural input is a truly qualitative one, providing
an effortless, natural and spontaneous smile and blinking
ability to the reanimated face (95). Conventionally, buccal
or zygomatic branches of the contralateral facial nerve are
selected to transfer the neurological signal to the affected
side. The main disadvantages of this technique are the low
power provided to the innervated mimetic muscles and the
time required to neural input, with a mean reinnervation time
of ~9 months. Statistically, only half of the axons reach the
sural nerve extremity on the affected side of the face (51).
Another drawback of the cross-face graft is that axons are
required to pass 2 suture ‘barriers’ in order to reinnervate the
mimetic muscles on the paralysis side. In order to facilitate a
favourable outcome, the facial reanimation using cross-face
nerve graft must be approached as an adjunctive procedure
and not as a standalone one. A two-stage procedure is the
preferred choice as it allows the axons to reach the extremity
of the sural cable graft on the palsy side, and thereafter, the
coaptation to the desired facial stumps is then performed,
usually 12 months later (96). Since it is necessary to wait for
a significant amount of time, in most cases, another nerve
transfer will be performed in order to avoid the atrophy of
the mimetic muscles [‘babysitter’ procedure described by
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Terzis and Tzafetta (97), Biglioli et al (98) in 2012; ‘triple
innervation’ concept described by Biglioli (64) in 2018].

iv) Accessory nerve (XI) transfer: The spinal nerve is a
somatic nerve innervating both the trapezius and sternoclei-
domastoid (SCM) muscles. The average number of myelinated
fibres may vary between 817 (at terminal end) to 1,328 axons
(at the proximal end), according to a study published by
Vathana et al (99). Traditionally, the spinal accessory nerve
is not considered as a first-line option for nerve transfer in
facial reanimation due to the significant morbidity that may
result from its transection. An alternative to spinal nerve
transection is to coat only branches that innervate the SCM
muscle, and by doing so, the morbidity is significantly reduced.
Thulin et al (100) reported 15 cases with no significant atrophy
of the trapezius muscle. XI nerve transfer is an alternative
neural source in cases in which masseteric or hypoglossal
nerves are not available, or there is functionality impairment
of speech or swallowing.

Spinal nerve selection for transfer-phrenic nerve. The
phrenic nerve is a mixed nerve, originating from C3-C5, and
is the only source for motor innervation of the diaphragm. The
number of motor nerve fibres in the phrenic nerve is 911+321
to 1,338+467 (101). Phrenic nerves have been widely used
in the reconstruction of brachial plexus injuries with a high
success rate. The length, ease of dissection and relatively high
number of motor fibres of the ipsilateral phrenic nerve make it
possible to use it as a donor motor source for facial reanima-
tion (102). According to Perret (103), unilateral transection
of the phrenic nerve in individuals without any associated
pulmonary disorders does not significantly affect the venti-
lating capacity. In the 23 cases with phrenico-facial coaptation
performed at the University of Iowa by Perret (103), good
symmetry was achieved in most of the patients, but the major
reported drawbacks were sinkinetic facial movements with
inspiration, coughing and laughing. Of note, Xu et al (102)
reported 6 cases with facial reanimation performed with latis-
simus dorsi muscle free flaps and phrenic nerve transfer with
no significant morbidity related to pulmonary ventilation in a
single-stage approach.

8. Timing of facial nerve reanimation

The potential for recovery of any denervated muscle is highly
dependent on the duration of denervation. The time passed
from the moment of nerve functional disruption to the moment
of nerve regeneration is an important aspect influencing the
therapeutic outcome. The mimetic muscles must be reinner-
vated before muscular atrophy occurs. The decision-making
process of whether to perform a certain technique or another
for reanimation of a palsy face is directly dependent on the
status of the muscular mimetic muscles. EMG is a preop-
erative prognostic tool and may determine whether mimetic
muscles are still functional or a muscle-free flap transfer is
necessary for dynamic reanimation. If muscle tension appears
insufficient or there is a hype contraction at 6 months after the
onset of contraction, the flap must be revised (77).

Another time-dependent aspect is neural degeneration. The
physiopathologic mechanism involved is mainly explained
by Wallerian degeneration. The lag between injury and axon
degeneration is 24-48 h in young rats but it takes several days

for primate (including human) axons to degenerate (104). Motor
nerves are more prone to being impacted by the timing of
restoration in comparison to sensitive ones. Sarhane et al (85)
made a solid point highlighting that delayed nerve repair has
a greater deleterious effect on motor than sensory functional
recovery. In a retrospective study, Ozmen et al (58) found that
the most important variable influencing the final outcome is the
time passed after facial paralysis onset. They concluded that
6 months is the cutoff point between cases showing an optimal
outcome and those with a suboptimal result; however, no
correlation between the size of the tumour and facial grafting
outcome was found. Their results are supported by those of
Zhang et al (105), who found that patients with complete
paralysis who underwent facial nerve transfer 6 months after
denervation achieved postoperative oral commissural excur-
sion of 11.1 vs. 6.5 mm.

In long-standing facial paralysis cases, muscle transfer
is the treatment of choice in order to achieve dynamic facial
reanimation.

9. Strengths and limitations of the study

To the best of our knowledge, the present study provides
the first bibliometric analysis on facial nerve reconstruction
following radical parotidectomy.

The present bibliometric analysis focused on the recom-
mendations and the new trends in facial reanimation after
radical parotidectomy by examining the records from the
Scopus database and did not include any complementary
information from other databases. The Scopus database was
chosen due to the fact that it is a more comprehensive database,
reportedly having 20% unique material compared with Web of
Sciences and covering the entire MEDLINE (PubMed) data-
base (106). In addition, Scopus has built-in tools to analyze
various bibliometric aspects such as published document
by year, authors, territory, affiliation, subject area, funding
sponsor, year and source. Also, the main databases allowing
for direct analysis using VOSviewer software are Web of
Science, Scopus and PubMed.

10. Conclusions

The present bibliometric analysis provides a basic worldwide
analysis of the research publications on facial nerve reanima-
tion in radical parotidectomy. The interest in the subject is
continuously growing over the years, as facial nerve sacrifice
is a debilitating condition with a dramatic impact on patients'
quality of life.

So far, the United States is the main contributor in the field
and the main research financial support was provided by the
National Institute of Neurological Disorders and Stroke (USA),
closely followed by the Japan Society for the Promotion of
Science.

No consensus was found regarding the recommended
surgical techniques for facial nerve reanimation, nor for the
best timing for surgery, while most of the clinical experience
suggests facial nerve restoration immediately after the ablative
procedure.

The decision to perform immediate facial nerve grafting
directly depends on numerous factors related to the general
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health status of the individual, the underlying disease, the
occupational activity, the existing anatomy and patient's wishes
corroborated with the surgical team's recommendations and
should take into consideration the fact that facial reanimation
outcomes are not always predictable, may involve donor site
morbidity and rely on of the complex nature of peripheral
nerve regeneration and reinnervation.

Further research on preoperative prediction of the facial
nerve status and the relation with the tumour in patients with
parotid gland malignancy are mandatory for a conservative
decision or immediate reconstruction.
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