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Introduction
The sciatic nerve is the longest and widest nerve in the 
body and composed of the spinal nerves between lumbar 
segments 4 and 5 and between sacral segments 1 and 3. An 
injury to any segment of the sciatic nerve is closely related 
to local anatomy, and sciatic nerve injury at the buttocks is 
one of the most intractable peripheral nerve injuries with 
the poorest therapeutic effects (Noorafshan et al., 2012). If 
appropriate treatment is not given after sciatic nerve injury, 
the recovery of the injured nerve can be inhibited by neu-
romas that often form during neurite regeneration, and the 
regeneration and function of injured nerves can be affected 
by the gaps produced by neurotmesis (Ahn et al., 2010; Keast 
et al., 2010; Shi et al., 2011). Although nerve autografts are 
currently the most effective method to repair injury, many 
problems are associated with it. These include a limited 
source from the donor, loss of function in donors and risk 
of secondary surgery (Schmidt and Leach, 2003; Chen et 
al., 2010; Eggers et al., 2010). With the rapid development 
of nerve tissue engineering in recent years, construction of 
nerve conduits has become a promising method for repair of 
nerve defects. Nerve conduit scaffolds made of collagen and 
chitosan exhibit good histocompatibility and are widely used 
in the field of biomedicine. Tissue-engineered nerve conduit 
scaffolds combined with neurotrophic factors can decrease 
the activity of acetylcholinesterase, promote neuronal dif-
ferentiation, growth, and neurite formation, and provide 
nutrition to the peripheral nerve (Kokai et al., 2010; Kokai 
et al., 2011), thus contributing to peripheral nerve repair. 
Bioengineered nerve grafts loaded with an extracellular ma-

trix and growth factors or cell transplantation for repair of 
peripheral nerve injury have also become a growing area of 
interest in the field of peripheral nerve injury. Despite this, 
peripheral nerve injury is very common and treatments are 
still not fully successful. Thus peripheral nerve injury repair 
and promoting the regeneration of injured peripheral nerves 
have become important issues in both basic research and 
clinical studies. 

CiteSpaceIII is an information visualization tool devel-
oped by Professor Chaomei Chen from Drexel University, 
Philadelphia, USA. It is the most characteristic and influen-
tial application software in the field of visualization analysis 
(Chen, 2006, 2009). It can visualize and analyze the trends 
and patterns in a field or domain within a designated period 
of time. CiteSpaceIII visualizes the knowledge domain as a 
time-variant duality between research fronts and knowledge 
bases to help investigate the dynamic mechanism underlying 
science development based on the time mapping from re-
search fronts to knowledge base (Chen, 2006). 

An increasing area of interest in the field of information 
science is to analyze the study dynamics and development 
trends in specialist research fields using knowledge map-
ping (Chen, 2006, 2009). CiteSpace has used published 
literature to analyze the knowledge structure, intellectual 
turning points and pivotal points in the research fields of 
regenerative medicine, cloud computing, nervous system 
science, higher education, nanometer biomedicine, knowl-
edge management, society network, information resource 
management, and artificial intelligence. However, literature 
presenting a knowledge-mapping analysis on research trends 
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and fronts in the repair and protection of sciatic nerve injury 
using such a visualization tool is scarce.  

Data and Methods
Data sources and methodology
A Web of Science-based online retrieval (http://apps.webof-
knowledge.com) was performed by the first author using the 
key words “sciatic nerve” OR “sciatic-nerve” and “repair” OR 
“regeneration” OR “protect” to find research articles or re-
views on sciatic nerve injury repair and protection published 
in English during 2000–2014. The search was carried out on 
15th August 2014 and 3,446 publications were included in the 
final analysis. 

Inclusion criteria
We included peer-reviewed articles, including original stud-
ies, basic research and reviews published in English and in-
dexed in Web of Science during 2000–2014. 

Exclusion criteria
We excluded publications that required manual searching or 
telephone access, documents that were not published in the 
public domain, meeting abstracts, proceedings, corrected 
articles, and repeated articles. 

The 100 top-cited publications were downloaded with in-
formation including authors, title, abstract, and descriptors 
and identifiers, and their 2,347 citations. The downloaded 
data were analyzed by the CiteSpaceIII visualization tool. 

Results
Analysis of publications on sciatic nerve injury repair and 
protection published in Web of Science during 2000–2014
The number of publications regarding sciatic nerve injury 
repair and protection in Web of Science during 2000–2014 is 
shown in Figure 1. 

A total of 3,556 publications on sciatic nerve injury re-
pair and protection were published during 2000–2014 and 
retrieved from Web of Science. Among them, 3,446 publi-
cations were either original articles or review articles. The 
number of relevant publications gradually increased over the 
10-year study period. In the included years, the number of 
Web of Science publications increased very slowly until 2007, 
and then significantly increased after 2010. The number of 
Web of Science publications in 2013 (n = 317) was nearly 
twice that in 2000 (n = 193). 

A distribution of countries publishing papers on sciatic 
nerve injury repair and protection indexed in Web of Science 
during 2000–2014 is shown in Figure 2.

The USA (n = 966) published the highest number of pa-
pers on sciatic nerve injury repair and protection, followed 
by China (including Taiwan, n = 966), Japan (n = 310), Ger-
many (n = 269), the UK (n = 222) and Canada (n = 201). 
The total number of publications from the USA and China 
account for nearly half of all studies in all countries. The 
majority of countries producing over 100 publications were 
developed countries. 

The institutes that produced these publications are shown 

in Table 1. 
The University of London (UK) produced the highest 

number of publications (n = 119), followed by University of 
California System (USA; n = 113). Washington University 
(USA; n = 90), University College London (UK; n = 82), 
and Lund University (Sweden; n = 65). Among the institutes 
that had more than 50 articles, Nantong University in China 
ranked fourth. 

Temporal-spatial distribution characteristics of the 100 
top-cited publications on sciatic nerve injury repair and 
protection indexed in Web of Science during 2000–2014
Over the study period, the 100 top-cited publications on sci-
atic nerve injury repair and protection came from 14 coun-
tries. Among these countries, the USA produced the highest 
number of publications (n = 51, 51%), indicating that the 
USA takes a leading position in the study of sciatic nerve 
injury repair and protection; the UK and Canada ranked 
second, with 13 publications (13%) for each; Germany pub-
lished eight publications (8%); and China and Japan each 
had six publications and ranked fourth. 

The distribution of institutes with the 100 top-cited publi-
cations on sciatic nerve injury repair and protection indexed 
in Web of Science during 2000–2014 is shown in Table 2. 

The University of London published 12 papers on sciatic 
nerve injury repair and protection and ranked first, followed 
by Johns Hopkins University with nine publications, and the 
University of Alberta and University College London with 
eight publications each. No Chinese institute yielded pub-
lications on sciatic nerve injury repair and protection that 
were classed in the 100 top-cited publications indexed in 
Web of Science during 2000–2014. 

The distribution of journals for the 100 top-cited publica-
tions on sciatic nerve injury repair and protection indexed in 
Web of Science during 2000–2014 is shown in Table 3.

The five top-cited publications on sciatic nerve injury 
repair and protection indexed in Web of Science during 
2000–2014 are shown in Table 4. 

Tsujino et al. (2000) published an article in Molecular 
and Cellular Neuroscience and had the highest number of 
citations. This article primarily examined the expression 
and regulation of activating transcription factor 3 (ATF3) 
after axonal injury in neurons in the dorsal root ganglia and 
spinal cord. They concluded that ATF3 is specially induced 
in sensory and motoneurons in the spinal cord after nerve 
injury and is considered a distinct neuronal marker of nerve 
system. 

Al-Majed et al. (2000) published an article in Journal of 
Neuroscience and ranked second in the number of total cita-
tions. They used a rat model of femoral nerve transaction to 
evaluate (1) the effect of nerve transaction on the speed of 
regeneration and the generation of motor-sensory specific-
ity; (2) the efficacy of electrical stimulation in accelerating 
axonal regeneration and prompting the reinnervation of ap-
propriate muscle pathways by femoral motor nerves; and (3) 
the mechanism of action of electrical stimulation. They used 
fluorogold and fluororuby to label the motoneurons that 
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regenerate axons into muscle and cutaneous pathways and 
found that (1) 10-week axonal outgrowth greatly delays 
axonal regeneration (staggered regeneration), the process 
of which was associated with preferential motor reinnerva-
tion; (2) 1 hour to 2 weeks of 20 Hz continuous electrical 
stimulation of the parent axons near the repair site sig-
nificantly reduced this period and accelerated preferential 

motor reinnervation; (3) the beneficial effect of short-term 
electrical stimulation was mediated by the cell body, involv-
ing an enhanced growth program. Based on the efficacy of 
this short-term low-frequency electrical stimulation, a nov-
el therapeutic approach was proposed to accelerate nerve 
regeneration post-injury and thereby to improve functional 
recovery. 

Figure 1 Annual publication output regarding sciatic nerve injury 
repair and protection in Web of Science during 2000–2014.

Figure 2 Distribution of countries publishing more than 100 papers 
on sciatic nerve injury repair and protection, indexed in Web of 
Science during 2000–2014.

Table 1 Distribution of institutes publishing more than 50 publications on sciatic nerve injury repair and protection indexed in Web of Science 
during 2000–2014 

Institute Country Number of articles % of total publications

University of London UK 119 3.453

University of California System USA 113 3.279

Washington University USA 90 2.612

Nantong University China 87 2.525

University College London UK 82 2.38

Lund University Sweden 65 1.886

University of Calgary Canada 58 1.683

Harvard University USA 58 1.683

Autonomous University of Barcelona Spain 56 1.625

University of Turin Italy 53 1.538

University of Manchester UK 53 1.538

Universidade de Sao Paulo Brazil 52 1.509

Johns Hopkins University USA 52 1.509
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Table 2 Institutes that had more than five top-cited publications on sciatic nerve injury repair and protection indexed in Web of Science during 
2000–2014 

Institute Country Number of publications % of total publications

University of London UK 12 12.00

Johns Hopkins University USA 9 9.00

University of Alberta Canada 8 8.00

University College London UK 8 8.00

Washington University USA 6 6.00

University of California System USA 6 6.00
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Quantitative studies on the 100 top-cited publications on 
sciatic nerve injury repair and protection indexed in Web 
of Science during 2000–2014 
Academic publications are an important component in re-
flecting study outcomes. The number of citations is a meth-
od used to evaluate the influence of a scholar or publication 
in the corresponding field. The number of citations of an 
article is of great significance for authors, journals and 
publication institutes (Adam, 2002). A large number of ci-
tations mean that the author’s research has been effectively 
propagated and widely accepted. Although the number of 

citations has obvious shortfalls in the evaluation of publi-
cation quality, it is still currently a widely accepted method 
of judging a journal or article (Nason et al., 2013). Recent-
ly, the number of citations has also been used as a standard 
for searching “classical literature” (Moed, 2009; Rosenberg 
et al., 2010). 

Important studies on sciatic nerve injury repair and 
protection field
The 100 top-cited publications on sciatic nerve injury repair 
and protection indexed in Web of Science during 2000–2014 

Table 3 Journals for the 100 top-cited publications on sciatic nerve injury repair and protection in Web of Science during 2000–2014

Journal Impact factor Number of publications % of all publications

Journal of Neuroscience 6.747 17 17.00

Experimental Neurology 4.617 9 9.00

Biomaterials 8.312 8 8.00

European Journal of Neuroscience 3.669 5 5.00

Neuron 15.982 4 4.00

Journal of the Peripheral Nervous System 2.504 4 4.00

Proceedings of the National Academy of Sciences of 
the United states of America

9.809 3 3.00

Glia 5.466 3 3.00

Progress in Neurobiology 10.301 2 2.00

Pain 5.836 2 2.00

Neurological Research 1.449 2 2.00

Molecular and Cellular Neuroscience 3.734 2 2.00

Journal of Neurosurgery 3.227 2 2.00

Journal of Cell Biology 9.688 2 2.00

Table 4 Five top-cited publications on sciatic nerve injury repair and protection indexed in Web of Science during 2000–2014

No. Authors Descriptors and identifiers
Publication 
year

Number of 
total citations

Average of all 
citations per year

1 Tsujino et al. Activating transcription factor 3 induction by axotomy in 
sensory and motoneurons: A novel neuronal marker of nerve  
injury

2000 321 21.40

2 Al-Majed et al. Brief electrical stimulation promotes the speed and accuracy of 
motor axonal regeneration

2000 265 17.67

3 Dezawa  et al. Sciatic nerve regeneration in rats induced by transplantation of 
in vitro differentiated bone marrow stromal cells

2001 246 17.57

4 Shamash  et al. The cytokine network of Wallerian degeneration: tumor 
necrosis factor-alpha, interleukin-1 alpha, and interleukin-1 
beta

2002 241 18.54

5 Perlson  et al. Vimentin-dependent spatial translocation of an activated MAP 
kinase in injured nerve

2005 238 23.80

Table 5 Eight classical publications retrieved by the CiteSpaceIII visualization tool

Citation counts References Cluster # Half life

22 Fu SY, 1997, MOL NEUROBIOL, V14, P67 14 3

14 Funakoshi H, 1993, J CELL BIOL, V123, P455 1 7

13 Guenard V, 1992, J NEUROSCI, V12, P3310 8 8

12 Meyer M, 1992, J CELL BIOL, V119, P45 1 8

12 Archibald SJ, 1991, J COMP NEUROL, V306, P685 0 9

11 Neumann S, 1999, NEURON, V23, P83 4 2

10 Zhong J, 1999, J NEUROSCI, V19, P4305 4 2

10 Valentini RF, 1987, EXP NEUROL, V98, P350 0 13
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were analyzed using the CiteSpaceIII visualization tool, with 
a Time Slicing value of 1. The dataset selected during 2000–
2014 was divided into 15 parts. The 50 top-cited publica-
tions in each part were selected, with thresholds of “(2,2,20), 
(4,3,20), (4,3,20)”, node type of “burst terms”, and pathfind-
er network scaling selection. Thus, visualized networks for 
co-cited burst terms were created. 

The study fronts in a field or domain are reflected via the 
positive citations of publications and represent the thinking 
status of a research field. The publications most cited are 
located in the center and become the core achievement in 
this research field, but there is no direct causal relationship 
between the citation frequency and contribution of this 

publication in the study progression. The contribution of 
the publication in study progression is embodied by burst 
terms. New trends and bursts of scientific publications ap-
pear because of the following factors: (1) proposing a new 
finding or major scientific breakthrough in a publication; 
and (2) enlightening scientists to study issues from a new 
prospective (Chen, 2004). Based on co-citation networks, 
top-cited publications were further analyzed to investigate 
the study fronts on sciatic nerve injury repair and protection. 
Eight publications were included in the core publications of 
this cluster and were also the core publications of the whole 
co-citation networks. Of these eight publications, each had a 
new finding and induced a new trend of the study, guiding a 

Figure 4 High-frequency key words used in publications on sciatic nerve injury repair and protection indexed in Web of Science during 
2000–2014.

Figure 3 Trajectories of relevant research shown in a hybrid network of co-cited references and burst terms from titles and abstracts. 
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new orientation (Table 5).  
Co-citation cluster refers to a network formed by co-cit-

ed publications and is used to investigate study fronts. The 
co-citation cluster of publications on sciatic nerve injury 
repair and protection is a network map with an appearance 
similar to round. Each cluster in the periphery is relatively 
independent, and the cluster network taking the publi-
cation by Fu as the center is interlaced and closely linked 
together. The modularity Q was 0.8389 and the silhouette 
was 0.8308. These data suggest that co-cited publications 
form an obvious and relatively independent cluster net-
work, and they also indicate that the label of each cluster is 
relatively accurate. This provides reliable evidence for data 
analysis. 

Based on the included co-cited publications in this study, 
22 co-citation clusters formed and were named according to 
the number of publications in each cluster. In this study, we 
analyzed the largest seven co-citation clusters (clusters 0–6; 
Table 6). According to the label used in the co-citation cluster, 
scholars have performed studies on sciatic nerve injury repair 
and protection from different perspectives. Through analysis 
of these top-cited publications, studies mainly focus on ma-
terials, especially tissue-engineered materials, which embody 
the study focus of sciatic nerve repair and protection. 

Visualized analysis on hotspots in the field of sciatic nerve 
injury repair and protection
Visualized networks for co-cited burst terms were created 
using the pathfinder method based on the following param-

eters: key word: node of network; node type: noun phrases; 
time zone: 1 year; and thresholds: (2,2,20), (3,3,20), (3, 3, 
20). As shown in Figure 3, there were 247 nodes and 604 
lines.

To further understand the hotspot in each period of time, 
a time zone view was used to analyze the hotspot and took 
key words as the label, which helped us to understand the 
development of a field or an issue. According to the citation 
frequency and centricity, a hotspot in each period of time 
was selected. Based on the citation frequency and centricity 
of a key word, repair by tissue engineering and inflammato-
ry control are considered the areas of interest in the field of 
sciatic nerve injury repair and protection (Figure 4). 

Conclusion 
A total of 3,446 publications on sciatic nerve injury repair 
and protection were indexed in Web of Science during 
2000–2014. Over the study period, the number of publica-
tions on sciatic nerve injury repair and protection gradually 
increased. The number of Web of Science publications in 
this field increased slowly in 2002, but the increase was sharp 
after 2010, and the number of Web of Science publications 
in 2013 (n = 317) was nearly twice that in 2000 (n = 193). 
These findings suggest that the field of sciatic nerve injury 
and protection was in a stage of development during 2000–
2013. The USA and China rank at the top in the number 
of publications, and the total number of publications from 
these two countries accounts for nearly half of all the publi-
cations included. The scientific research in China is encour-

Table 6 The largest seven co-citation clusters of publications taking key words as the label 

ClusterID Size Silhouette

Label (term 
frequency–inverse
document frequency)

Label 
(log-likelihood ratio) Label (mutual information)

Mean 
(cited 
year)

Silhouette
 value

0 52 0.851 (6.79) wallerian 
degeneration neuronal 
progenitor cell

Peripheral nerve 
regeneration (59.79, 
1.0E-4)

NGF 1995 20.851

1 42 0.974 (4.82) iii collapsin-1 Wallerian degeneration 
(122.59, 1.0E-4)

Second galanin receptor galr2 1999 0.974

2 39 0.956 (2.64) immunosuppressant Peripheral nerve 
function

Relevance 1997 0.956

3 35 0.904 (8.38) iii collapsin-1 Axon (121.01, 1.0E-4) Biodegradable polymer substrate 1997 0.904

4 30 0.888 (4.99) disorders silk fibroin Dorsal-root ganglia Rat sciatic nerve; fos; regeneration 
electrical stimulation; motoneuron; 
poor functional recovery; nerve repair; 
tissue engineering; trophic factors; 
neurite outgrowth; schwann cells; 
mesenchymal stem cells; wallerian 
degeneration; pain; nerve growth-
factor; myelin-associated glycoprotein; 
signaling pathways; p75 neurotrophin 
receptor; in-vivo; localization; matrix 
proteins; inflammation; cytokines; 
long gaps; tube; conduits; protease; 
3-dimensional nanofibrous scaffold; 
autograft 

2002 0.888

5 30 0.887 (8.76) sciatic function index Beta(2)-microglobulin Peripheral nerve gap 1998 0.887

6 28 0.868 (3.18) axon guidance Regeneration 
 (65.1, 1.0E-4)

Cataractogenic lens injury 1992 0.868
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aging. However, among the 100 top-cited publications on 
sciatic nerve injury repair and protection, none come from a 
Chinese institute.

The publication with the highest number of citations was 
published in 2000 and was cited 321 times, a mean of 21.40 
times per year. Since 2005, there were few highly cited pub-
lications, which may be due to  the inherent bias of citation 
analysis (Gisvold, 1999). The total number of citations will 
increase with time; compared with newly published publi-
cations, the earlier the published publication, the more cita-
tions it will receive. Publications produced after 2005 have 
fewer opportunities to be cited, which may influence their 
overall number of citations.    

The 100 top-cited publications on sciatic nerve injury re-
pair and protection originate from 14 countries. The USA is 
ranked first, suggesting it takes a leading position in study-
ing sciatic nerve injury repair and protection. The UK and 
Canada ranked second, with 13 publications in each coun-
try. Germany had eight publications (8%). China and Japan 
ranked fourth, with six publications each. 

Among the included institutes, the University of London 
had 12 publications on sciatic nerve injury repair and pro-
tection and ranked first, and Johns Hopkins University had 
nine publications and ranked second. The University of Al-
berta and University College London each had eight publica-
tions. Among the 100 top-cited publications on sciatic nerve 
injury repair and protection indexed during 2000–2014, 
none came from a Chinese institute. Among the 100 top-cit-
ed publications on sciatic nerve injury repair and protection 
indexed in Web of Science during 2000–2014, Journal of 
Neuroscience had 17 publications and ranked first. 

Through bibliometric analysis and visualization findings, 
publications (on sciatic nerve injury repair and protection) 
from American academic institutes of excellence, and those 
peer-reviewed and published in high-impact-factor journals, 
have a preference to be cited. 

Visualized networks for co-cited burst terms in the field 
of sciatic nerve injury repair and protection were created 
using the information visualization tool CiteSpaceIII and 
six publications with significant influence were acquired. 
Through word frequency analysis, the areas of interest in the 
field of sciatic nerve injury repair and protection can be de-
termined. These include: reparative factors (including neu-
rotrophic factor, brain-derived neurotrophic factor, trans-
forming growth factor, glial cell line-derived neurotrophic 
factor and extracellular matrix) and reparative materials 
(polyglycolic acid, polylactic acid, poly(lactic-co-glycolic 
acid), poly(lactic-co-glycolic acid), polycaprolactone, and 
collagen-chitosan scaffolds). Through word frequency trend 
analysis, studies on bone marrow mesenchymal stem cells, 
adipose-derived stem cells, and skeletal muscle-derived mul-
tipotent stem cells combined with tissue-engineered scaffold 
material will become the forefronts in the field of sciatic 
nerve injury repair and protection in the near future. 
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