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Abstract: Bell's palsy is an idiopathic, acute, unilateral peripheral facial nerve paralysis, where incomplete or failed
recovery causes substantial social and psychological stress to the patient, seriously influencing their quality of life
and social activities. We conducted a bibliometric investigation of the knowledge structure and frontier hotspots
in Bell's palsy research. Bell's palsy publications between 2002 and 2021 were retrieved from Web of Science.
CiteSpace, VOSviewer, and an online bibliometric platform were used for visual, burst, citation, and co-occurrence
analyses, respectively. A total of 1,378 publications were included. The annual Bell’s palsy publication output fol-
lowed an upward trend from 2002 to 2021. The USA and Harvard University published the most Bell's palsy re-
search articles. Yeo SG and Otology & Neurotology were the most prolific author and journal, respectively, on Bell's
palsy. The results suggested that Bell's palsy research hotspots focused on rehabilitating facial nerve function and
improving prognosis, and combining specific therapies (acupuncture) would be of future interest. The cited refer-
ences timeline revealed that Bell’s palsy following COVID-19 vaccination was an emerging research hotspot. The
bibliometric analysis demonstrated that the USA dominates Bell’s palsy research and that rehabilitating facial nerve
function and prognosis were research hotspots. Emerging mechanistic studies mainly focused on Bell’s palsy fol-
lowing COVID-19 vaccination. Our findings could be a reliable source for global scholars to rapidly identify research
hotspots and potential research directions and frontiers.
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Introduction

Bell's palsy is an acute-onset peripheral facial
neuropathy of unknown etiology and the most
common cause of lower motor neuron facial
palsy [1]. The clinical characteristics of Bell's
palsy are typically unilateral, rapid-onset lower
motor neuron-type facial muscle weakness
with dysphonia, retro-auricular pain, hyperacu-
sis, and subjective changes in facial sensation
[2]. While typically self-limited, facial paresis/
paralysis due to Bell's palsy may cause signifi-
cant temporary oral weakness and inability to
close the eyes, which can lead to potential eye
damage [3]. Additional long-term adverse con-
sequences can occur, which can be devastat-
ing to the patient. The treatment goals for Bell's
palsy are to restore symmetry and coordination
of muscle movements in all parts of the face to
promote expression and to protect the eyes [4].

The effectiveness of these treatments is con-
troversial and therefore there are discrepancies
in care [5]. Patients with Bell’s palsy are evalu-
ated with various diagnostic tests (electro-diag-
nostic tests, diagnostic imaging tests, and labo-
ratory tests), many of which are of controversial
benefit [6]. In some patients, the loss of facial
nerve function extends beyond the related
functional deficits, with significant psychosocial
effects. Anxiety, depression, and feelings of
social isolation are common among patients
with Bell's palsy [7].

Bibliometrics is an interdisciplinary scientific
method of applying mathematics and statistics
to quantitatively analyze scientific publications
and provide a clear overview of the current
trends, distribution of contributions, and fron-
tier topics in a specific area [8]. In addition to
depicting the current status of a certain
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research area and predicting future trends, bib-
liometric analysis can also assess the contribu-
tions of different journals, countries, institu-
tions, and authors [9]. Bibliometrics is widely
used in medical research in areas such as
respiratory, digestive, circulatory, endocrine,
motor, and reproductive diseases [10]. Although
Bell's palsy has drawn universal interest as a
multidisciplinary research hotspot in previous
years, Bell’'s palsy bibliometric studies are not
available.

Bell's palsy research is extensive and features
a vast number of publications and different
research directions, which renders it difficult to
understand the research focus and current
trends in this area. Conducting a bibliometric
study rather than a traditional review of this
highly debated topic is important as it can pro-
vide a visual summary of previous publications
and predict potential frontiers. Therefore, we
aimed to summarize the overall status of global
Bell's palsy research according to Web of
Science data from the past 20 years. Using bib-
liometric methods combined with citation net-
works, we explored the research trends, pre-
sented global revolutions, explored hotspots
and frontier directions through keyword bursts,
and provide comprehensive and prospective
references for future studies.

Materials and methods
Data source and search strategy

The data source in this study was the Web of
Science Core Collection (Science Citation Index
Expanded and Social Sciences Citation Index)
as it covers the most important data sources in
bibliometric analysis. To avoid bias of database
renewal, all data searches and downloads were
performed on September 1, 2022. We conduct-
ed a comprehensive database search limited to
the years 2002-2021 and including only origi-
nal articles and reviews. The search strategy
was as follows: Topics = (Bell's palsy OR Bell
palsy) AND Languages = English. Two research-
ers independently verified the data download
and input. Differences between the two
researchers’ verification results were dis-
cussed and consensus was achieved based on
expert direction. Finally, 1,378 publications
were retrieved, exported in plain text format
with complete records and reference, and
imported into bibliometric software for analy-
sis. Figure 1A depicts the detailed publication
retrieval and data analysis process.
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Bibliometric and visual analyses

The data were analyzed with bibliometric soft-
ware and the most frequently used bibliometric
indicators: number of publications, occurrence
frequency, number of citations, and number of
citation bursts. The H-index is used not only to
assess researchers’ scholarly contributions
and predict future academic achievements, but
is also used to describe the publication output
of a country/region, institution, or journal [11].
Visual analysis was performed with the follow-
ing software: the collaborative relationship
between countries was analyzed with an online
bibliometric analysis tool (https://bibliometric.
com/).

VOSviewer software can mine text for impor-
tant items extracted from publications and con-
struct visual co-occurrence network maps,
which are represented with nodes and links
[10]. The node size represents the number of
articles while the connections between nodes
reflect the association between items. In this
study, VOSviewer was used to visually construct
a network graph of the research team, evaluate
keyword co-occurrence, and build a density
map.

CiteSpace is a highly reliable and useful biblio-
metric software mainly designed to visualize
and analyze the knowledge structure of a field
and assess scientific literature evolution trends
[9]. The nodes in the visualization map indicate
the analyzed items, where a larger node indi-
cates a higher frequency. Additionally, Cite-
Space was used to analyze the node centrality
scores. Node importance is assessed with cen-
trality, which can measure how closely a node
interacts with other nodes. Nodes with high
centrality scores are considered vital bridges
among different groups and represent turning
or critical points in the field [12]. To detect Bell’s
palsy research hotspots, we conducted a series
of analyses of relevant institutions and cluster-
ing of cited references.

Results
Publication output and temporal trend

Using the search strategy, a total of 1,378 pub-
lications (1,193 original articles and 185
reviews) were included in this study. Annual out-
put increased from 47 publications in 2002 to
139 in 2021. Generally, Bell's palsy-related
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Figure 1. A. Frame flow diagram of the study strategy. B. Distribution of Bell’s palsy publications according to the
year. C. Consistency of change in annual publication output of the 10 most productive countries (2002-2021).

Table 1. The 10 most productive countries and institutions contributing to Bell’s palsy research

Rank  Country Publication Centrality Institution Publication Centrality
count count
1 USA 356 0.15 Harvard University 63 0.05
2 China 123 0.05 Kyung Hee University 43 0.00
3 Japan 121 0.00 Massachusetts Eye and Ear 25 0.01
4 South Korea 112 0.00 Johns Hopkins University 22 0.08
5 UK 98 0.16 University of California 22 0.03
6 Turkey 97 0.00 University of Toronto 21 0.05
7 Germany 78 0.59 Harvard Medical School 21 0.02
8 Italy 59 0.05 Friedrich Schiller University of Jena 20 0.04
9 Canada 46 0.09 Karolinska Institute 20 0.03
10 Sweden 37 0.31 University of London 20 0.00

publications increased steadily each year dur-
ing the last 20 years (Figure 1B). The total cita-
tions for the publications numbered 25,559
and the mean number of citations per publica-
tion was 18.55. The H-index for all publications
was 67.

Leading countries/regions and institutions

The bibliometric analysis determined that 71
countries/regions contributed to Bell's palsy
research. Figure 1C and Table 1 list the 10
most productive countries. The articles were
mainly published by the USA (356 publications),
China (123 publications), and Japan (121 publi-
cations), which accounted for 43.5% of the
total publications. The most productive coun-
tries were mainly in Europe, East Asia, and
North America (Figure 2A). The network dia-
gram depicts the research activities and col-
laboration between these countries/regions
(Figure 2B). Although Germany ranked seventh
in total publications, it ranked first in centrality
(0.59), followed closely by Sweden (0.31) and
the UK (0.16). A total of 1,737 institutions con-
tributed to Bell's palsy research, where Table 1
lists the 10 most productive institutions. The
three most productive institutions were Harvard
University (63 publications, 4.6%), Kyung Hee
University (43 publications, 3.1%), and Mas-
sachusetts Eye and Ear (25 publications, 1.8%).
The collaborative relationships among the most
prolific institutions were analyzed through col-
laborative networks (Figure 2C). All institutions

4799

had centrality scores < 0.1, which suggested a
lack of inter-institution cooperation.

Active authors

A total of 5,886 authors contributed Bell’s pal-
sy-relevant publications. Figure 2D illustrates
the co-authorship network diagram. Yeo SG of
Kyung Hee University was the most prolific
author (27 publications). The other highly pro-
ductive researchers were Hadlock TA (Mas-
sachusetts Eye and Ear, USA) and Guntinas-
Lichius O (Jena University Hospital, Germany).
Hadlock TA had the highest total number of
citations and the highest H-index. There was
insufficient collaboration between the research
teams, with all authors scoring < 0.10 for
centrality.

Keyword analysis

We extracted 4,249 keywords from all publica-
tions and analyzed their co-occurrence with
VOSviewer (Figure 3A). We used a burst detec-
tion algorithm to identify the keywords with the
strongest citation bursts from the Bell's palsy
publications (Figure 3B). The timeline is depict-
ed as a blue line while the period of a burstis a
red line. Among the keywords, “prednisone”
(2002-2008), “valacyclovir” (2007-2009), “mul-
ticenter” (2010-2013), “placebo” (2013-2015),
and “rehabilitation” (2016-2021) in each stage
were the five most explosive keywords. Notably,
the citation burst for “rehabilitation” has been
sustained to date, which indicated that
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Figure 2. A. Geographical distribution of publications. B. Network map of countries/regions engaged in Bell's palsy
research. C. Distribution of publications from different institutions. D. Co-occurrence network visualization map of
authors.

A placebo B

“double:blind

multicenter . ramsay-hunt-syndrome
«© acyclovir ® g Top 20 Keywords with the Strongest Citation Bursts
reac ion
#prednisolone Keywords Year Strength Begin End 2002 - 2021
Si§ e cial pals infection 2002 9.72812002 2008
electronélirography nerve paralysis Pe.r.‘P faliacial palsy ® o prednisone 2002 1032222002 2008

herpes simplex virus 2002 5.6617 2002 2009 pummmmm—

r i
PrOgROsISK | & nervejpalsy idiopathic facial paralysis 2002 47859 2002 2006 s,

©recovery @ g | infeggion dna 2002 4.9906 2003 2009
® TN < /an reactivation 2002 6.5658.2003 2010 .

sue chWen acyclovir 2002 7.35052003 2012 . — .
house-b@ckmanh@=% inflammation valacyclovir 2002 7.90122007 2009
§ double blind 2002 3.35572007 2010
sunngbrook faa& revﬂences Bke PY neuropathy 2002 41032007 2012 o
P ) multicenter 2002 672452010 2013
- faCIai“alySIS beJ assogiation risk vad@ine guillain barre syndrome 2002 337042011 2014 e
synlﬁesxs 7 ) - ° nerve palsy 2002 421172012 2015
compligations = Y risk 2002 355522012 2014

reaniation- fam%erﬁ M guilaifi-barge s‘"drome placebo 2002 649712013 2015 —
rehabilitation surgery 2002 357272013 2017 o
- palsy | enhangement steroid 2002 65762014 2016
¢ palsy 2002 330362014 2016
validation @ lyme disease 2002 473272015 2018 e

botulin@m toxin rehabilitation 2002 6.26062016 2021

anatomy

C freee D

\
) D ALMEIDA s (2014

(BAUGH RF{(2013) 2avoun A ot
° « ZHANG WJ (2020)
ENOTON (@011)
Suos k aor) \
#1 corticosteroids
@hommiavasp aors) -
. S
e
fwAn i (2014) (EATTAH AY (2015)
IVAN FM (2007) B
ENAS RAZT1D) ovove ot EVISTON TJ (2015)
os @
proven g " AN #7 databases ok 990 !
’ EVISTON TJ (2015)
\ ponases on o)
anscaas (1996)
wonaom UANT EC (2009)  BAUGH RF (2013)
Y (GRECO A (2012) #2'%hildren
~
\ RONSETH G5 (2012
ZHANG W (2020) '
#3 cold stimulation JAKEMOTOIN (2“1‘)‘
NELLIS JC (2017) A
y, ° \
° \
N
E 1095 0 01 e 2007 w10 w1 016 e
m Se #0t cells
) ®
STEINER £(1 e MAN [5 (200@
L‘ ERY (d005) ___ LEWIS DM (2009)
FUR TAY(ZODO) MUTSCH M(% LDEN Dg @ - #1 corticosteroids
ERVA M (3006) BERG T (201
GANTZ BJ (1999) | AGAMEA G ENQSTROMﬁ(zooa) AXELISON )(2015)
GROGAN P! .
BAUGH'RAu( #2 children
CIRPACIU D (2014)
VOLK GF (2013),
—\  HO'AL (2012) YOO MC (2020)
ORCH M (2010) MANCINI P (2014) . .
STJERNQUIST- DESATNlKA(iuosH TElxaRﬁJ #3 cold stimulation
(2011) DAHAN B (2017)

OR )
‘\ VIANNA M (2014) BERANIAI (2018)
JAKEMOTON

ol {2010) @ GOH Y (2020)
~ ZANDIAN A (2014)
= e N CANNLN R; (2015]CASAZZA GC (2018)  #4 palsy
SALMANWS (2001) é
FURL 4&\42001) ALLEN C( (zooé | GRONSETH GS (2012) ZHANG WU (2020)
MURAKAMI S (1997) AXELSSON'S (2003) LLIVANFTA (2007) Mmr@poumsx(zom
S OSHEVA (2008) CELIK O (2017)

SWEENEY CJ (2001) EVANS AK (2005) ALINAS RA (2010 FUIWARAT (2014) #5 treatment
HATO N (2003) Q Am £c| (2&0 ) ./ LEEHY(2013) ZIMMERMANN J (2019)
RIGA M (2012)

) \ E ALMEIDA \J (2009) BUCAK A (2014) 46 idiopathi \
YEQ SG (20t |

: .(2008) | | NumTHAVAL P 2010 HATO N (2014) - idiopathic nerve palsy

m;uno NJ (2004) cRRDOSOUR)(2008) | Kl M (2015 O
BEURSKENS CHG (2003) T TAVARES-BRITO J (2019)
ROWLANDS S (2002) A"'KA"DA;Q (2007) NELLIS JC (2017)

EINSTERER J (200 HOHMAN MH (2014)
VALENCA MM (2001) ||y (2004) d (2008) (¢ CL!.I)IJMES RE 2017) #7 databases
AAHMED A (2005) | \ GYORIE (2018)
TIEMSTRA JD (2007), | FuL(2011) CHANG YS (2016)
| o | FATTAH AY (2015)
[ | ZHAO H (2017) o #8 covid-19
LOCKHART P (2009) GAGYOR I (2015REICH SG (2017)
SCHIRNCTY | BAUGH RF (2013)
[{g 4 nx MINNEROP M (2008) | EVISTON TJ (2015) GAGYOR 1 (2019)
DE DJI (1998 KAWAGUCHI K (2007 \ o i
(1998) @on | DE ALMEIDA J (2014) #9 physician's practice patterns
Muw. g 15‘_,?%95) \/ GRECO A (2012) JOWETT N (2017)
SUGITAT (4 &@99“5) TAKAHASHI H (2001) LINDER TE (2010) MADHOK VB (2016)
ADOUR KK (1996)
FURUTAY (1998)

4801 Am J Transl Res 2023;15(7):4796-4804



Bibliometric and visual analysis of Bell’s palsy research

Figure 3. A. Visualization map of Bell’s palsy high-frequency keyword clustering analysis. B. The 10 keywords with
the strongest citation bursts (2002-2021). C. Map of cited references of Bell’s palsy publications. D. Visual network
of cited references with cluster labels. E. Timelines of the cited references with cluster tags.

researchers have been focusing on Bell’s palsy
prognosis.

Analysis of cited references

The network of cited references consisted of
226 nodes and 250 links representing the co-
citation relationships between the references
in a publication (Figure 3C). Figure 3D depicts
the 10 largest clusters in the reference co-cita-
tion map, which represented the 10 most
important themes in this area: “T cell” (#0),
“corticosteroids” (#1), “children” (#2), “cold
stimulation” (#3), “palsy” (#4), “treatment”
(#5), “idiopathic nerve palsy” (#6), “databases”
(#7), “COVID-19” (#8), and “physician’s practice
patterns” (#9). Figure 3E depicts the scientific
correlation of the cited references with time,
which was created by illustrating the evolution
of the 10 largest clusters on the timeline.
Based on temporal order, the most recent clus-
ters were “COVID-19” (#8), “databases” (#7),
and “treatment” (#5).

Discussion

Named after the Scottish anatomist Sir Charles
Bell, Bell's palsy is the most common acute
mononeuropathy and the most common cause
of peripheral facial palsy [13]. Bell's palsy is
defined as an acute unilateral facial nerve palsy
of unknown origin that occurs within 72 hours
and requires the exclusion of other causes of
facial palsy [1, 2]. We performed a bibliometric
analysis of Bell's palsy-related publications to
provide inspiration for future research.

The analysis revealed that 5,886 authors from
1,737 institutions in 71 countries published
1,378 articles in 500 scientific journals
between 2002 and 2021. The results indicated
that the number of Bell's palsy publications
increased significantly in the last 20 years. The
visual analysis of national contributions dem-
onstrated that the USA was the obvious leader
in Bell's palsy research, where it published
25.8% of the total number of papers.
Remarkably, China contributed 123 Bell’s palsy
papers and was the only developing country in
the top 10 group. The contribution of China to
Bell's palsy research increased dramatically in
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a short period. We predict that China will over-
take the USA as the most productive country in
Bell's palsy research in the near future, which
may be partly attributed to increased national
funding investments in related research. China
has a large population with numerous Bell's
palsy patients, and there is an urgent need for
effective treatment thereof. Generally, the eco-
nomic imbalances, population sizes, and differ-
ences in policy specifications between coun-
tries may lead to imbalances in the scientific
literature output. More than 1,500 institutions
worldwide have published Bell's palsy-related
studies, where Harvard University was the most
prolific institution in this study. It is important to
enhance cooperation between countries and
institutions researching similar topics to pro-
mote the development of Bell’s palsy research.

Frontier topics and research hotspots in a spe-
cific field can be identified through keyword
citation bursts [14]. Our findings indicated that
keywords such as “rehabilitation”, “Lyme dis-
ease”, “steroid”, and “surgery” had sustained
bursts in recent years and remained hot,
reflecting recent research dynamics. Bell's
palsy is a potentially devastating disease that
may cause a wide range of emotional, function-
al, and psychosocial sequelae in patients.
Therefore, Bell's palsy treatment is a perpetu-
ally hot research topic. The complexity of Bell's
palsy determines its treatment complexity,
which promoted the development of various
treatment methods. In the future, facial palsy
care should be a comprehensive treatment
that includes patient education, medication,
physical therapy, and surgery [15].

A safe and effective vaccine against severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is critical to end the COVID-19
pandemic. Nevertheless, it should be noted
that several Bell’'s palsy cases developed after
COVID-19 vaccination, most of which were
related to mRNA vaccines [16]. Vaccination-
associated Bell's palsy typically responds well
to oral corticosteroids, but the precise mecha-
nism remains unclear. In a case-control study
that compared the clinical parameters of Bell’'s
palsy patients after COVID-19 mRNA vaccina-
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tion with those of unvaccinated Bell's palsy
patients [17], 21 of 37 vaccinated patients
developed Bell’s palsy within 2 weeks after the
first vaccine dose, while there were no differ-
ences in any clinical parameters between the
vaccinated and unvaccinated groups. A clinical
vaccination trial that involved 44,000 partici-
pants recorded 4 cases of Bell’s palsy, while no
Bell's palsy case was reported in the placebo
group [18]. The Moderna clinical trial reported
Bell's palsy in three vaccine recipients and one
placebo recipient among 30,400 participants
[19]. An analysis of the combined phase 3 data
from the Pfizer-BioNTech and Moderna trials
indicated higher Bell's palsy prevalence than
expected [19]. Although several potential fac-
tors, including autoimmune, viral, or innate
immune activation, were suggested as causes
of Bell's palsy after COVID-19 immunization,
the mechanisms involved may be multifactorial
and do not apply to all cases. Further studies
are needed to explore the underlying mecha-
nism of Bell's palsy after COVID-19 vac-
cination.

Conclusion

To the best of our knowledge, this is the first
comprehensive bibliometric analysis of the lit-
erature on Bell's palsy, where the state of
research during the last two decades was eluci-
dated. The Bell's palsy publication output fol-
lowed an overall upward trend over time.
Authors from different countries/regions and
institutions should overcome institutional and
language barriers to strengthen international
collaboration and communication. Our findings
suggested that the hot topics are rehabilitating
facial nerve function and improving prognosis.
The emerging trends and frontiers of the cur-
rent research theme focused on the associa-
tion between COVID-19 vaccination and Bell's
palsy. Some issues remain unsolved, such as
accurate diagnostic criteria, exact causes, and
optimal surgical approach for Bell's palsy.
These issues need to be on the research agen-
da, which would assist researchers in exploring
new research directions.
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