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Abstract

Background: Neurofibromatosis type 1 (NF1) is a common inherited disorder characterized by cutaneous neurofibromas

and other features. It is still a challenge in managing inoperable patients and the complex nature of the disease. Exist for Bi-

bliometric analyses for cutaneous neurofibromas (cNF) could offer insights into impactful research and collaborations, guid-

ing future efforts to improve patient care and outcomes.

Methods: We conducted a comprehensive literature search of the Web of Science Core Collection database for the period

2003-2022. Data processing and analysis were performed using bibliometric tools including VOSviewer, CiteSpace and “Bi-

bliometrix” package. Our analysis assessed the publication or collaboration of countries, institutions, authors, and journals,

as well as the co-citation and burst of references and keywords.

Results: The analysis included 927 articles from 465 journals and 1,402 institutions in 67 countries. Research on cNF has

been increasing in recent years. The United States leads the field. Pierre Wolkenstein was the top author, while The Universi-

ty of Hamburg was the most productive institution. The American Journal of Medical Genetics Part A published the most
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articles in cNF. Co-citation analysis revealed major research topics and trends over time, showing growing interest in evalu-

ating quality of life and genotype-pheno-type correlation for cNF patients. Emerging topitcal MEK inhibitors show poten-

tial as a promising therapy.

Conclusion: In conclusion, our bibliometric analysis of cNF research over the past two decades highlights the growing inter-

est in this complex genetic disorder. Leading countries, authors, institutions, and journals have played significant roles in

shaping the field. Notably, recent trends emphasize the importance of evaluating quality of life and genotype-phenotype cor-

relations in cNF patients. Furthermore, the emergence of promising topical therapy marks an exciting development in the

quest to improve patient care and outcomes for those affected by cNF, paving the way for future research and collaboration.
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Introduction

Neurofibromatosis type 1 (NF1) is one of the most

common inherited neurocutaneous disorders,  affecting ap-

proximately  1  in  2,000  individuals  [1].  Patients  with  NF1

commonly  develop  cutaneous  neurofibromas,  affecting  up

to 95% of patients [2,3]. Other characteristics include multi-

ple  café  au  lait  spots,  Lisch  nodules,  and  axillary  freckling.

NF1  results  from  mutations  in  the  NF1  gene  on  chromo-

some  17,  which  encodes  neurofibromin.  Loss  of  neurofi-

bromin function activates the RAS signaling pathway, lead-

ing  to  overgrowth  of  cells  [4,5].  Cutaneous  neurofibromas

(cNF) are benign tumors originating from peripheral nerves

beneath the skin. They arise from abnormal proliferation of

Schwann cells, which normally myelinate and support neu-

rons.  Mutations in the NF1 gene trigger this  aberrant Sch-

wann cell growth, forming neurofibromas [6].

cNF typically emerge during adolescence and cont-

inue to enlarge during a patient's lifetime [7]. While benign,

they  can  cause  pain,  cosmetic  issues,  functional  impair-

ments and reduced quality of life [8,9].  Current treatments

aim to manage symptoms but are often only partially effec-

tive. Some NF1 patients have too many, large, or difficult--

to-access neurofibromas, making surgical removal impossi-

ble and posing long-term management challenges [10]. Im-

proving treatments and quality of life for NF1 patients, espe-

cially  those with inoperable disease,  remains an active area

of  research.  However,  the  complexity  and heterogeneity  of

cNF  and  difficulties  managing  inoperable  patients  mean

that  gaps  in  knowledge  remain.

Bibliometric  analyses  use  quantitative  methods to

map and analyze the scholarly literature, providing an objec-

tive  perspective  that  complements  traditional  reviews  [11].

By visualizing trends over time, they can clarify how knowl-

edge has developed, identify emerging areas of high produc-

tivity, and highlight novel approaches and hypotheses. How-

ever,  no  bibliometric  studies  currently  exist  for  cNF.  For

this  disease,  such  analyses  could  reveal  the  most  impactful

researchers, institutions and countries, as well as major pub-

lishing journals. The study implications would suggest prior-

ities to optimize and focus future research efforts on improv-

ing care and outcomes for patients.

Methods

Methodologies for Search and Collection of Data

In academic circles,  the bibliometric analysis  data

extracted  from  WoS  enjoys  widespread  credibility  as  the

most reliable data source [12]. For the present study, we un-

dertook a thorough literature search using the Web of Sci-

ence Core Collection (WoSCC) database, encompassing the

period  from  January  1,  2003,  to  December  31,  2022.  To

achieve a comprehensive and precise outcome, we deployed

the  following  search  strategy:  ((TS=(cutaneous)  OR  TS=(-

derma*)  OR  TS=(skin)))  And  ((TS=("neurofibromatosis

type 1") OR TS=(“neurofibromatosis 1") OR TS=("von Reck-

linghausen’s disease") OR TS=("von Recklinghausen neuro-

fibromatosis")  OR TS=("von Recklinghausen’s  phakomato-

sis") OR TS=("peripheral neurofibromatosis")))OR(TS=("cu-

taneous  neurofibroma*"  )  OR  TS=("skin  neurofibroma*"  )

OR TS=("dermal neurofibroma*")). We confined our search

to  articles  and  reviews,  while  excluding  other  document

types, such as meeting abstracts, letters, and editorial mate-
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rials.  Ultimately,  our  analysis  comprised  927  records,  and the particulars of the literature screening process are elabo-

rated in Figure 1.

Figure 1: Literature selection process for the bibliometric analysis on cutaneous neurofibromas(cNF) research

Data Analysis

Initially,  the  data  sourced  from  WoSCC  was  im-

ported into Microsoft Excel 2021.Subsequently, two authors

carried out separate screening of the articles included in the

final selection and extracted all relevant details pertaining to

the  included  papers,  which  comprised  titles,  authors,  key-

words,  institutions,  countries/regions,  citations,  journals,

and publication dates. The processed data was subsequently

examined  utilizing  bibliometric  tools,  such  as  VOSviewer

(version 1.6.19), CiteSpace (version 6.2.R2), and the R pack-

age "bibliometrix".

CiteSpace is a bibliometric tool that enables the ex-

ploration and visualization of prevailing trends and patterns

within  a  given  research  sphere.  Moreover,  it  produces  a

knowledge  map of  related  domains,  affording  an extensive

outlook on a  specific  field  of  expertise,  and applies  diverse

dynamic  network  analysis  methods  to  recognize  crucial

studies,  leading-edge research,  evolving developments,  and

frontiers  within  a  particular  scientific  field  [13-16].  In  this

investigation, CiteSpace was the tool of choice for conduct-

ing  co-citation  studies.  The  settings  for  CiteSpace  were

established as follows: in the Time Slicing column, the time

span was delineated from January 2003 to December 2022,

with each year represented as a separate time slice.

VOSviewer is a software instrument developed by

the  Leiden  University  Center  for  Science  and  Technology

Studies that facilitates the generation and appraisal of biblio-

metric networks. This application exhibits the ability to con-

struct  bibliographic  networks,  specifically  co-authorship,

co-occurrence,  and  citation-based  relationships  in  biblio-

graphic data [17-19]. Additionally, co-occurrence and clus-

ter analyses on authors, research institutions, countries, and

discipline  aspects  were  executed  utilizing  either  CiteSpace

or VOSviewer, as part of this study.

The  Bibliometrix  software  package,  developed  by

Dr. Massimo Aria and Corrado Cuccurullo of Naples Uni-

versity in Italy, is an open-source tool that enables thorough

analytical  inquiry  into  bibliometrics  and  scientometrics

[20].  In  this  study,  the  software  was  implemented  to  pro-

mote assessment of authors' H-index and publications evo-

lution over time.

Results

Annual Publication Trends

The  overall  trend  of  increasing  published  articles

can  be  temporally  bifurcated  into  two  phases  (Figure  2).

The first phase spans from 2003 to 2014, during which the

annual  number of  articles  published,  with the exception of
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2010, registered less than

40. The majority of annual volumes fluctuated be-

tween 25-40. In contrast, the second phase encompasses the

time  period  of  2015-2022,  where  the  number  of  published

articles  ascended  abruptly  to  58  in  the  year  2015.  Subse-

quently, the annual volumes of published articles remained

higher than 40,  peaking at  96 articles  in 2021,  which is  3.5

times more than that in 2003.

Figure 2: Annual publication trends on cNF research

Research Contributions by Countries

Table 1 outlines the publication statistics for select-

ed countries in the field. The United States holds the high-

est number of publications with 251, making up 27.08% of

the  total  publications.  Japan  follows  with  70  publications

while Germany, China, and Italy have 69, 65, and 65 publica-

tions,  respectively.  The minimal  difference  in  the  numbers

emphasizes  the  U.S.'s  dominance  in  this  field,  as  its  total

number  of  publications  almost  equals  the  sum  of  the  re-

maining four countries'  publications.  Notably,  the H-index

is also highest for the U.S., underscoring its undeniable con-

tribution and influence in the field.  Examination of China,

Turkey, India, and Brazil, who rank in the top 10 for publi-

cation count, reveals a relatively weak h-index and g-index,

indicating poor overall quality or insufficient publication in

prestigious  journals.  The  findings  suggest  a  need  for  these

developing  countries  to  enhance  the  quality  of  their  re-

search  output.

For the foremost five nations, we present the annu-

al variations in the publication count, as exemplified in Fig-

ure 3. The size and hue of the circles concomitantly mirror

the  number  of  publications.  Notably,  Germany's  publica-

tion count has exhibited rather steady progression over the

prior two decades, while the remaining nations display com-

paratively ascending tendencies in recent years.  In particu-

lar, China's publication count has markedly exceeded previ-

ous figures over the last five years, thus suggesting that Chi-

na shall contend a more prominent position in this domain

going forward.

Table 1: Research output and influence of the top 10 countries

Country Articles Total
Citations

Average
article

citations
Percentage(N/927) h_index g_index

USA 251 8597 34.25 27.08% 47 86

JAPAN 70 1003 14.33 7.55% 14 30

GERMANY 69 1657 24.01 7.44% 22 38

CHINA 65 457 7.03 7.01% 12 19

ITALY 65 995 15.31 7.01% 19 29
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FRANCE 53 1742 32.87 5.72% 25 41

TURKEY 37 147 3.97 3.99% 7 10

UNITED
KINGDOM 36 1257 34.92 3.88% 17 35

INDIA 34 63 1.85 3.67% 4 7

BRAZIL 29 300 10.34 3.13% 8 17

Figure 3: Publication output of the top 5 countries over time

Figure 4: Country network analysis. (A) Network map of international collaboration among countries in cNF research (B) Country collabora-
tion network in cNF research based on vosviewer

In  this  study,  we  utilized  VOSviewer  to  visualize

the inter-country cooperation network. As presented in Fig-

ure 4A, the countries with the most extensive inter- country

cooperation were the United States (links=180), followed by

Germany (links=111) and the United Kingdom (links=108).

In contrast, India (links=8), China (links=4), Iran (links=2),

South Korea (links=1), and other Asian regions demonstrat-

ed limited collaboration, indicating the need for these coun-

tries to enhance their cooperation with other nations to im-

prove the generalizability of the study.

Furthermore,  we  employed  the  bibliometric.com

website  for  online  mapping,  and  it  also  demonstrated  that

European countries, including the United States, Germany,

the United Kingdom, and France, reported more substantial

cooperation (Figure 4B).

Productivity and Collaboration of Research Institu-
tions

Table  2  displays  the  leading  10  institutions  ar-

ranged  in  a  descending  order  of  publication  count,  on  the

basis  of  the  corresponding  author's  affiliation.  Among  the
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listed  institutions,  four  are  situated  in  the  United  States,

namely the University of Texas Southwestern Medical Cen-

ter  (n=14),  the  University  of  Alabama  at  Birmingham

(n=12), Johns Hopkins University (n=11) and Indiana Uni-

versity (n=10). This indicates that the United States is home

to  several  top-tier  research  institutions,  which  contributes

to its substantial national publication output. The Universi-

ty of Hamburg (n=24) and the University of Ulm (n=11) to-

gether  contribute  greater  than  half  of  the  total  number  of

publications  generated in Germany,  underscoring the con-

centration of  German research centers in this  area at  these

two institutions.

Notably, Shanghai Jiao Tong University is the sole

Asian  institution  featured  on  the  list;  however,  its  citation

rate and institutional H-index are below average, highlight-

ing the need for it to prioritize improving article quality to

gain  recognition  from  other  research  institutions  in  the

field  in  the  future.

We imported the documents from the Web of Sci-

ence  Core  Collection  database  into  Vosviewer  and  subse-

quently  identified  1402  institutions.  Using  a  minimum

publication count of 5, the list was narrowed down, includ-

ing  71  institutions  which  met  the  criteria  required  for  our

analysis. Based on their level of collaborative interaction, th-

ese  selected  institutions  were  segregated  into  eight  clusters

(Fig 5A). Cluster 1 comprised mainly of Harvard Universi-

ty, Massachusetts General Hospital, and Indiana University.

On  the  other  hand,  Cluster  2  included  Paris-East  Créteil

University,  Hôpital  Henri-Mondor,  and  Paris  Descartes

University (now known as Université Paris Cité). Cluster 3

was primarily made up of University of Alabama at Birming-

ham,  Johns  Hopkins  University,  and  Cardiff  University,

while the primary institutions in Cluster 4 consisted of Uni-

versity  Medical  Center  Hamburg-Eppendorf,  University  of

Hamburg, and University of Ulm. The primary institutions

in Cluster 5 were Federal University of Rio de Janeiro, Uni-

versity  of  São  Paulo,  and  Fluminense  Federal  University,

while  Sapienza  University  of  Rome,  University  of  Padua,

and Catholic University of the Sacred Heart were the main

institutions in Cluster 6.

Finally,  Cluster  7  primarily  included the Neurofi-

bromatosis Institute (a non-profit organization in the Unit-

ed States),  University of  Florida,  and Charles University in

Prague. Cluster 8 predominantly constituted the University

of Turku, Turku University Hospital, and University of Ou-

lu.  It  is  evident  that  institutions  within  the  same  country

tend to coalesce within clusters,  wherein inter-institutional

collaborations are often limited to the same region or coun-

try, as opposed to international collaborations. Notably, the

University  of  Alabama  at  Birmingham  (links=29)  in  the

United  States  exhibits  the  highest  number  of  collaborative

efforts with other institutions, while Paris-East Créteil Uni-

versity (links=22) in France demonstrates the most external

collaborations  in  comparison  to  other  French  institutions.

These can be considered as two representative research insti-

tutions within this field.

Table 2: Top 10 institutes according to number of publications on cNF

Rank Institute Country/Region
Number

of
Articles

Total
Citations

Average
article

citations
H-index

1 UNIV PARIS
DESCARTES France 14 638 45.57 11

2 UNIV
HAMBURG Germany 13 382 29.38 7

3 CARDIFF
UNIV United Kindom 12 681 56.75 10

4
UNIV

ALABAMA
BIRMINGHAM

United States 11 803 73.00 10

5 UNIV ULM Germany 11 394 35.82 9
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6
SHANGHAI
JIAO TONG

UNIV
China 10 40 4.00 4

7
JOHNS

HOPKINS
UNIV

United States 8 129 16.13 6

8

UNIV MED
CTR

HAMBURG
EPPENDORF

Germany 8 61 7.63 5

9
INDIANA
UNIV SCH

MED
United States 7 278 39.71 5

10 TOTTORI
UNIV Japan 7 52 7.43 5

Analysis of Authorship on cNF Research

An analysis of the cNF research field was conduct-

ed  using  the  "biliometrix"  R  package,  with  data  sourced

from  the  WOSCC  database.  The  results  reveal  the  top  ten

authors in the field, including Pierre Wolkenstein (n = 38),

Victor-Felix Mautner (n = 30), Reinhard Friedrich (n = 25),

Meena  Upadhyaya  (n  =  20),  Lan  Kluwe  (n  =  19),  Do-

minique Vidaud (n = 19),  Hildegard Kehrer-Sawatzki (n =

16),  Lu Q. Le (n = 15),  Christian Hagel  (n = 14),  and Béa-

trice Parfait (n = 13). Further details regarding the number

of  published  papers,  total  citations,  and  H-index  for  these

authors are presented in Table 3. Notably, a significant pro-

portion  of  the  top  authors  (five  out  of  ten)  are  affiliated

with  the  same  institution,  suggesting  strong  collaboration

between  research  groups  within  the  institution.The  list  of

top experts comprises five medical geneticists (Meena Upad-

hyaya,  Lan  Kluwe,  Dominique  Vidaud,  Hildegard  Kehrer-

Sawatzki,  and  Béatrice  Parfait),  as  well  as  dermatologists

(Pierre Wolkenstein and Lu Q. Le), neurologists (Christian

Hagel  and  Victor-Felix  Mautner),  and  a  maxillofacial

surgery  professor  (Reinhard  Friedrich).  Collaborating

among  specialists  from  diverse  fields  facilitates  a  compre-

hensive understanding of the complex nature of the condi-

tion.  This  multidisciplinary  approach  is  crucial  for  im-

proved  diagnosis  and  treatment  of  patients.

Table 3: Top 10 authors according to number of publications on cNF

Authors Country/Region Institiution Articles TC
a

AC
b

H-index Yof
c

WOLKENSTEIN P France Henri Mondor
Hospital 38 1706 44.89 22 2003

MAUTNER VF Germany
University Medical
Center Hamburg-

Eppendorf
30 1141 38.03 16 2003

FRIEDRICH RE Germany
University Medical
Center Hamburg-

Eppendorf
25 489 19.56 12 2003

UPADHYAYA M United
Kingdom Cardiff University 20 1265 63.25 17 2004

KLUWE L Germany
University Medical
Center Hamburg-

Eppendorf
19 831 43.74 13 2004



8

JScholar Publishers J Dermatol Cosmet Ther 2023 | Vol 2: 102

VIDAUD D France Université Paris
Descartes 19 724 38.11 13 2003

KEHRER-SAWATZKI
H Germany University of Ulm 16 554 34.63 10 2003

LE LQ United States
The University of

Texas Southwestern
Medical Center

15 402 26.80 10 2009

HAGEL C Germany
University Medical
Center Hamburg-

Eppendorf
14 97 6.93 6 2007

PARFAIT B France Université Paris
Descartes 13 682 52.46 12 2004

a. TC: total citation; b. AC: average article citation; c. Yof: year of the first publication

Figure 5: Institution co-occurrence analysis. (A) Collaboration network of institutions in cNF research; (B) Network visualization of author
collaboration

Author co-occurrence graphs were constructed us-

ing Vosviewer (Figure 5B). The analysis revealed that Pierre

Wolkenstein  (links=38)  and  Meena  Upadhyaya  (links=36)

have  engaged  in  collaborative  work  with  researchers  from

diverse  institutions,  whereas  other  authors  have  displayed

relatively  constant  collaborations,  with  greater  cooperation

present  among  authors  from  the  same  geographic  regions

or institutions. An example of this can be observed in Clus-

ter  4  (yellow),  where  all  authors  from  Germany  within

Table  3  (Victor-Felix  Mautner,  Reinhard  Friedrich,  Lan

Kluwe,  Hildegard  Kehrer-Sawatzki,  and  Christian  Hagel)

are  clustered.

In  order  to  attain  a  more  thorough  comprehen-

sion of the authors' publishing output, a graphical represen-

tation was created to illustrate their annual publication vol-

ume  and  citation  frequency  progression  over  time  (Figure

6).  As  depicted  in  said  graph,  the  majority  of  authors  did

not  maintain  a  constant  rate  of  article  production  from

twenty years ago till the current time, and observed gaps of

two  to  three  years  with  no  publications.  Only  Pierre

Wolkenstein  has  consistently  produced  publications  over

the past five years. Although Lu Q. Le had an annual aver-

age  of  2.5  relevant  articles  published during  2018-2021,  he

did not have any output in this field in 2022. We retrieved

one  publication  on  Malignant  peripheral  nerve  sheath  tu-

mors (MPNSTs) authored by him. Béatrice Parfait and Lan

Kluwe both have spans of four to five years during which no

papers in this field were published, and they have not pub-

lished many articles in recent years, indicating that their re-

search  focus  may  have  shifted.  However,  Parfait  B  pub-

lished several high-quality articles on SARS-CoV-2 in 2022,

as well as an article on neurofibromatosis type 2. Similarly,
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Lan Kluwe has published an article on genomic alterations in MPNSTs [21-24].

Figure 6: Publication trends of the top 5 highly productive authors

Journal Sources of Research Output

Among  the  465  journals  included  in  the  analysis,

Table 4 presents the top ten in terms of publication volume,

totaling 141 articles, which accounts for 15.21% of the ana-

lyzed  articles.  The  American  Journal  of  Medical  Genetics

Part A is the most widely read journal (n=25),  followed by

the  Journal  of  Dermatology  (n=19).  Among  the  top  jour-

nals, the Journal of Medical Genetics boasts the highest cita-

tion rate, averaging 73.64 article citations. The British Jour-

nal of Dermatology, the official publication of the British As-

sociation of Dermatologists, is a leading journal in the der-

matology  field,  holding  an  exclusive  position  with  an  im-

pact factor exceeding 10.

The dual-map overlay technique, which juxtapos-

es journals and disciplines, proves to be an effective method

for illustrating the distribution of academic journals across

diverse fields, tracing the development of citation pathways,

and drawing attention to the evolving scientific research fo-

ci(25,26). To this end, we adopted citespace to perform a du-

al-map overlay analysis. Specifically, the left panel of the fig-

ure  presents  the  distribution  of  citing  journals,  while  the

right  panel  depicts  the  distribution  of  cited  journals.  The

lines  connecting  them  signify  their  citation  relationships

(Figure 7). The analysis identified four main citation paths.

Articles published in the molecular/biology/genetics discip-

lines  were  often  cited  by  articles  published  in  the  molecu-

lar/biology/immunology, medicine/medical/clinical or den-

tistry/dermatology/surgery  disciplines.  However,  Articles

published  in  the  health/nursing/medicine  disciplines  were

mostly cited by articles published in medicine/medical/clini-

cal disciplines.

Figure 7: Dual-map overlay of citing and cited journals in cNF research
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Table 4: Top journals that have published articles on cNF

Journal
Number

of
Articles

Total
Citations

Average
article

citations
JCR

Impact
Factor
(2021)

H-index

AMERICAN
JOURNAL OF

MEDICAL
GENETICS PART A

25 546 21.84 Q3 2.578 12

JOURNAL OF
DERMATOLOGY 19 98 5.16 Q2 3.468 6

ANTICANCER
RESEARCH 16 111 6.94 Q4 2.435 6

PEDIATRIC
DERMATOLOGY 16 150 9.38 Q3 1.997 7

CUREUS 11 6 0.55 NR
*

NR
*

-

JOURNAL OF
MEDICAL
GENETICS

11 810 73.64 Q1 5.945 11

JOURNAL OF
NEURO-ONCOLOGY 11 287 26.09 Q2 4.506 8

ORPHANET
JOURNAL OF RARE

DISEASES
11 149 13.55 Q2 4.302 5

PLOS ONE 11 280 25.45 Q2 3.752 8

BRITISH JOURNAL
OF DERMATOLOGY 10 215 21.50 Q1 11.113 7

*NR: not reported

Trends and Content of Cited Literature

The co-reference network affords an exposition of

the interrelations among diverse references, which is predi-

cated  upon  their  co-citation  frequency  and  similarity.  By

virtue  of  the  clusters  that  emerge  from  this  network,  one

can  identify  groups  of  references  that  exhibit  similarity  in

topics or themes, and thereby reveal key research areas, in-

fluential  papers,  and  evolutionary  trends  within  a  given

field or domain [23]. The clusters that derive from the CiteS-

pace  software  are  visually  represented  in  Figure  8A,  where

the top 12 clusters are depicted by using the log- likelihood

ratio  (LLR)  algorithm.  The  image  epitomizes  a  variety  of

convex hulls  which correspond to distinct  clusters,  such as

mek inhibitor (cluster #0), germline mutations (cluster #1),

ras/mapk  (cluster  #2),  patient-reported  outcomes  (cluster

#3),  phenotype-genotype  correlations  (cluster  #4),  tumor

progression  (cluster  #5),  genetic  counseling  (cluster  #6),

hras  (cluster  #7),  noonan  syndrome  (cluster  #8),  melano-

cyte (cluster #9), shp-2 (cluster #10), and genetic modifiers

(cluster #11). Every node represented on the map refers to a

cited reference.

A  chronologically  ordered  representation  of  the

network  may  illustrate  the  temporal  evolution  of  the  cited

works, including their appearance and disappearance. Such

an approach could effectively disclose the historical develop-

ment, emerge of trends and likely directions that future re-

search may take  in  a  certain field  or  domain.  The position

of each reference on the timeline relates directly to its date

of citation, and the most recent ones are located to the right

of  the  graphical  display  (Figure  8B).  By  scrutinizing  the

timeline, we can gain valuable insights into the temporal dis-

tribution of literature instances in each cluster. Specifically,

we can observe that research on gene mutations initiated at

the earliest timeline point (#1), followed by studies focusing
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on the ras (#7) and its pathway (#2). Notably, Mek, a crucial

member  of  the  extracellular  signal-regulated  kinase  (ERK)

pathway,  is  an attractive candidate for treating neurofibro-

ma,  as  its  therapeutic  benefits  gradually  become  apparent.

Moreover,  numerous  mek  inhibitors  have  been  developed

and numerous clinical  studies have been conducted to this

end.

In  Figure  9,  the  top  ten  references  that  demons-

trate  notable  bursts  of  citations are  presented,  which high-

lights  their  significance  in  the  cNF-related  research  field.

The line graph shows the crimson segment representing the

period  during  which  the  literature  receives  the  most  fre-

quent  citations.  The  length  of  the  crimson  segment  corre-

lates with the duration when the literature experiences ele-

vated  citation  rates.  Moreover,  we  have  compiled  the  top

ten  references  by  bursts  and  presented  the  information  in

Table 5.

Figure 8: Co-citation analysis of references. (A) Clustered network map of co-cited references (B) Timeline visualization of co-cited refer-
ences clusters

Figure 9: Top references with significant citation bursts. The red lines indicate the time period of the citation burst for each reference
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Table 5: Top 10 References by citation bursts

No. Bursts Author Year of
publication Journal DOI Cluster

ID

1 14.72 Gutmann DH 2017
NAT REV

DIS
PRIMERS

10.1038/nrdp.2017.4 0

2 13.52 Dombi E 2016 NEW ENGL
J MED 10.1056/NEJMoa1605943 0

3 8.74 Uusitalo E 2015 J INVEST
DERMATOL 10.1038/jid.2014.465 0

4 8.36 Uusitalo E 2016 J CLIN
ONCOL 10.1200/JCO.2015.65.3576 0

5 8.27 Le LQ 2009 CELL STEM
CELL 10.1016/j.stem.2009.03.017 1

6 7.95 Ferner RE 2007 J MED
GENET 10.1136/jmg.2006.045906 1

7 7.75 Kehrer-Sawatzki
H 2017 HUM

GENET 10.1007/s00439-017-1766-y 3

8 7.71 Upadhyaya M 2007 AM J HUM
GENET 10.1086/510781 1

9 7.51 Brems H 2007 NAT
GENET 10.1038/ng2113 1

10 7.21 Koczkowska M 2018 AM J HUM
GENET 10.1016/j.ajhg.2017.12.001 3

Analysis of co-occurring Keywords

A total of 66 keywords were found to have a mini-

mum of 4 occurrences out of 1842 keywords. Based on the

collective  frequency  distribution  of  these  66  keywords,  we

classified  them  into  4  distinct  clusters  utilizing  vosviewer

(as  depicted  in  Figure  10A).  Cluster  #1  (colored  red)  pre-

dominantly  comprises  neurofibromas,  schwannomas,  and

MPNSTs; cluster #2 (colored green) mostly encompasses cu-

taneous  neurofibromas,  café-au-lait  spots  and  ras/mapk

pathways; cluster #3 (colored blue) primarily includes neu-

rofibromatosis type 1, plexiform neurofibromas and mek in-

hibitors; and cluster #4 (colored yellow) mainly encompass-

es  genotype-  phenotype correlation,  tuberous  sclerosis  and

mosaicism. The identification of bursts is deemed as an indi-

cator of the fluctuating trends within certain fields or emerg-

ing  topics  across  different  timelines.  Figure  10B  illustrates

the top ten keywords with the most  potent  burst  intensity.

In this figure, "Year" denotes the year of the first emergence

of the keyword, while "Begin" and "End" respectively denote

the  inaugural  and  the  final  years  of  the  reference  burst

where the said keyword appeared. Based on the depicted fig-

ure,  recent  research  hotspots  highlight  "quality  of  life"  and

"genotype phenotype correlation".
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Figure 10: Keywords analysis (A) a network visualization of the keywords that most frequently co-occur in cNF research (B) Top 10 key-
words that exhibit the strongest citation bursts in the literature on cNF

Discussion

This  is  the  first  bibliometric  analysis  of  research

on cNF, examining over 20 years of literature. There was an

overall  increase  in  the  number  of  published  articles  over

time, which can be divided into two phases. The first phase

from 2003 to 2014 saw a modest number of publications an-

nually, potentially due to a lack of disease awareness, limit-

ed  funding  and  few  technological  advances.The  second

phase  from  2015  to  2022  experienced  a  dramatic  rise  in

publications,  beginning with a  surge to 58 articles  in 2015.

This  increase  can  be  attributed  to  advances  in  diagnostic

and therapeutic technologies like next-generation sequenc-

ing and induced pluripotent stem cells that enabled deeper

investigation of cNF [27-29].

The  United  States  was  the  leading  contributor

with the  most  publications  and highest  h-index.  Other  top

countries like China, Turkey, India and Brazil showed weak-

er h-indices and g-indices, indicating a need to improve re-

search quality and target high-impact journals.  By enhanc-

ing their output, these developing countries could foster in-

ternational  collaboration  and  accelerate  progress  in  the

field. The United States' dominance can be attributed to fac-

tors  such as  robust  funding,  well-established institutions,  a

skilled workforce, and prestigious journals.  These elements

create  a  supportive  research  environment  enabling  high-

-quality,  influential  publications.

The results show that research on cNF is concen-

trated in a few top institutions, mainly in the U.S. and Ger-

many.  While  some  Asian  institutions  contribute,  Western

institutions dominate in terms of output and impact. How-

ever,  Asia  has  a  large  patient  population,  so  findings  from

Asian  studies  could  be  influential.  Collaboration  between

Eastern and Western institutions can effectively advance the

field by leveraging Asia's large sample sizes and Western re-

search  expertise.  Building  global  research  capacity  could

help  progress  knowledge  on  cNF.

Analysis  of  institutional  collaboration  networks

suggests  that  collaborative  research  on  cNF  is  often  geo-

graphically centered.  While some institutions like the Uni-

versity  of  Alabama  at  Birmingham  and  Paris-East  Créteil

University show high collaborative activity and internation-

al  partnerships,  overall  cross-border  collaborations  appear

limited relative to domestic collaborations. Institutions seek-

ing to collaborate may consider these two institutions first,

given  their  extensive  networks.  Fostering  international  re-

search  consortia  and  funding  for  multi-country  partner-

ships could help strengthen global collaborative networks in

this field.

The  top  authors  publishing  on  cNT  represent

fields  like  medical  genetics,  dermatology,  neurology  and

maxillofacial  surgery,  reflecting  the  multidisciplinary  ap-

proach  needed  [30,31].  Actually,the  Neurofibromatosis

Therapeutic  Acceleration  Program (NTAP)  based  at  Johns

Hopkins University School of Medicine is such a collabora-

tive network of research centers bringing together clinicians

and  scientists  across  specialties  to  provide  comprehensive

care for NF1 patients. Analysis of author co-occurrence net-

works suggests  that  while  some top authors have extensive

international  networks,  others  tend  to  collaborate  more
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within their country or institution. Supporting broader co-

operative  networks  across  borders  could  strengthen  re-

search  progress.

The current study finds that while several journals

publish on cNT, few top journals account for most publica-

tions. Dermatology or plastic surgery journals tend to have

lower impact factors due to their focused scope. Research in

these fields often produces incremental findings rather than

breakthroughs. There may also be a lag in translating basic

science  into  clinical  advances.  The  American  Journal  of

Medical  Genetics  Part  A  and  the  Journal  of  Dermatology

published the most articles. Dual map analysis suggests that

articles  published  in  molecular,  biology  and  genetics  jour-

nals are cited more often, indicating broader reach and high-

er impact.  Therefore,  researchers in dermatology or plastic

surgery seeking to increase impact could consider publish-

ing in molecular,  biology and genetics  journals  in addition

to specialty journals.

The co-citation network and timeline analysis pro-

vide  valuable  insights  for  understanding  the  current  state

and future directions of research on cNF. Key topics, influ-

ential  papers  and  evolving  research  trends  are  identified

that  characterize  the progression of  knowledge in this  spe-

cialized field. The emergence of MEK inhibitors as a promis-

ing therapeutic strategy is also evident [32-34]. Selumetinib,

as  a  representative  of  the  MEK inhibitor,  has  been studied

for the treatment of pediatric neurofibromas in several clini-

cal trials [35-37]. Phase 1 trials in children with neurofibro-

matosis type 1 (NF1) and associated plexiform neurofibro-

mas (pNFs) showed that selumetinib shrank most patients'

tumors [33]. Phase 2 trials in children with NF1 and inoper-

able  plexiform  neurofibromas  demonstrated  that  selume-

tinib  could  achieve  tumor  shrinkage  and  reduce  pain  in

some  patients  [38].  In  April  2020,  selumetinib  was  ap-

proved by the US Food and Drug Administration (FDA) for

the treatment of NF1 and plexiform neurofibromas, making

it the first effective treatment for this condition. Ongoing re-

search aims to  optimize  MEK inhibitor  therapy to  make it

effective for more NF1 patients while minimizing adverse ef-

fects. Given the benign nature of cNF, the use of oral MEK

inhibitors may increase the risk-benefit ratio, so the search

for topical MEK inhibitors with fewer side effects has led to

the development of NFX-179 topical gel, which has success-

fully  completed  its  Phase  1/2  a  trial  [39].  A  randomized,

double-blind, controlled trial of NFX-179 is currently under-

way enrolling nearly 200 patients [40].

The  keywords  clustering  indicates  that  research

spans from characterizing various tumor phenotypes to in-

vestigating  underlying  genetic  mechanisms  and  potential

therapies. Studies of tumor phenotypes and molecular path-

ways aim to identify potential drug targets while clinical re-

search  evaluates  treatment  options.  The  identification  of

keyword  bursts  over  time  reveals  emerging  research

hotspots. "Quality of life" has become an increasingly impor-

tant  topic  in  recent  years,  suggesting  growing  interest  in

evaluating  and  improving  patients'  psychosocial  wellbeing

and  functioning.  Yuichi  Yoshida  et  al.  surveyed  a  large

group of neurofibromatosis type 1 patients with cNF to gain

insight  into  their  real-world  experiences  and  perspectives

[41]. The majority of patients had cNF in visible areas of the

body,  and  both  the  number  and  visibility  of  these  skin

growths increased with age. The patients reported that cNF

mainly impacted their  mood, daily life  and social  life,  with

visibility having a more significant effect than just the total

number of growths. Over 75% of the patients expressed dis-

satisfaction  with  the  frequent  need  for  repeat  operations

and the high regrowth rate of cNF after surgery or laser ther-

apy.

While surgical excision remains the primary treat-

ment modality for cNF, the need for repeated excisions and

resultant postoperative scarring can cause considerable psy-

chological distress for patients. This indicates a need to ex-

plore  more  effective  oral  or  topical  medications  that  may

supplement or reduce the need for surgery. Maguiness et al.

found that patients with a higher burden of cNF, especially

more  visible  and  facial  lesions,  experienced  significantly

poorer  skin-specific  quality  of  life  as  assessed  by  the  Skin-

dex  questionnaire  [42].  However,  the  researchers  also  ac-

knowledged certain limitations of the Skindex as an evalua-

tion tool for cNF, noting that Riccardi scores exhibited poor

correlation  with  Skindex  domains.  This  suggested  that  the

Skindex  instrument  should  be  utilized  independently,  as  it

may  fail  to  capture  all  relevant  factors  pertaining  to  cNF

that influence patients' quality of life. Recently, P. Wolken-

stein from Université Paris-Est Créteil  built  an new tool to

evaluates patient’s quality of life [43]. The cNF-Skindex as-
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sesses quality of life (QoL) across three domains - function-

ing, emotions, and symptoms - filling a gap by providing a

patient-reported  outcome  measure  for  cNF  in  neurofibro-

matosis  type 1  patients.  Patients  with over  50 cNF had the

most impaired QoL, highlighting the value of the cNF-Skin-

dex in measuring the impact of cNF burden. Consequently,

the cNF-Skindex can be useful in clinical  practice to assess

baseline QoL, treatment effects, and may also support reim-

bursement  of  cNF  therapies  by  demonstrating  improve-

ments  in  quality  of  life.

Establishing  genotype-phenotype  correlations  has

several important implications [44]. It can enable earlier di-

agnosis  for  infants  and  children  with  mild  mutations  that

do not initially meet diagnostic criteria, allowing for earlier

treatment and management. It can help determine eligibili-

ty  for  emerging  targeted  therapies  since  some  treatments

may work best for patients with specific NF1 mutations, re-

quiring a genotype-directed approach. Genotype data can al-

so aid in stratifying patients in clinical trials based on their

likely  response  to  help  reduce  heterogeneity  and  improve

trial outcomes. Certain NF1 mutations have been linked to

more  severe  phenotypes,  including  whole  gene  deletions

and mutations in specific domains of the NF1 protein [45].

In contrast, mutations affecting residue Arg1809 have been

associated  with  a  milder  phenotype  characterized  by  an

absence  of  neurofibromas  [46].  Filomena  Napolitano  pro-

vides  valuable  insights  into  the  mutational  spectrum  and

genotype-phenotype correlations in neurofibromatosis type

1  [47].  Frameshift  mutations  were  found  to  be  associated

with a higher risk of learning disabilities compared to other

mutation types. Large cohort studies are necessary to better

distinguish  the  common  cNF  from  other  more  aggressive

neurofibromas, improving diagnosis and management of pa-

tients.

Conclusion

In  summary,  this  bibliometric  analysis  provides

novel  insights  into  the  landscape  of  cNF research  over  the

past  two decades.  There has  been a  marked increase  in re-

search activity from 2015 onwards, driven by technological

advancements  and  growing  recognition  of  the  condition.

However, research is still concentrated in a few Western in-

stitutions, with the United States dominating. Greater inter-

national collaboration and research capacity building global-

ly could help accelerate advancements. Analysis of influen-

tial  references  and  keywords  reveals  the  progression  of

knowledge from phenotype characterization to understand-

ing molecular pathways and potential  treatments.  Ongoing

efforts  should  aim  to  translate  basic  insights  into  effective

topical  MEK  inhibitors  to  improve  outcomes  for  patients

with  cNF.  There  is  growing  interest  in  evaluating  and  im-

proving  quality  of  life  for  cNF patients,  highlighted  by  the

development of the cNF-Skindex patient-reported outcome

measure.  Establishing  genotype-phenotype  correlations

could  enable  earlier  diagnosis,  stratification  of  patients  for

targeted  therapies,  and  improving  clinical  trial  outcomes.

Overall, this bibliometric analysis provides a comprehensive

and objective view of the current state and future directions

of cNF research.
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