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Abstract
Purpose: Identifying international coauthor collaborations for journal papers on physiotherapy is important and meaningful. However, no any paper that can 
combine Google map and Social Network Analysis (SNA) to present valuable information for readers. Our aims were to visualize the feature of international coauthor 
collaborations on the topic of physiotherapy and present the result on a Google map using SNA. 

Methods: Downloading 3342 articles on November 5, 2017 from Pbumed.com, we analyzed author nation and report features: (1) nations published the most papers 
in physiotherapy; (2) the prominent journal published the most papers in physiotherapy; (3) visual representations to report the cluster relations in physiotherapy; (4) 
international author collaborations based on the coordinates of latitude and longitude on Google Maps. SNA Pajek software was performed in this study.  

Results: We found that the top nation is from Australia (409, 9.88%). The top prominent journal is Aust J Physiother (176, 5.27%). The Google map combined with 
SNA to demonstrate the most frequency of authors are from Europe and the two nations of U.K. and Australia. 

Conclusions: Google map combined with SNA provides wide and deep insight into the relationships among nations and coauthor collaborations. The results can be 
provided to readers for the submission to the journal with the aims and the scope related to physiotherapy.
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Introduction
Physiotherapy, also called physical therapy, is usually used for 

treating patient’s pain by applying methods such as interferential 
therapy, ultrasonic, short wave diathermy, wax therapy, and muscle 
strengthening exercises [1]. In healthcare settings, physiotherapy plays 
an important role in the recovery of disease patients, especially form 
them with stroke. It also plays a major role in treating children with 
cerebral palsy, and in cardiopulmonary rehabilitation [2]. Physiotherapy 
can be categorized into three main parts including orthopedics, 
neurophysiotherapy, and cardiorespiratory physiotherapy [3].

As of November 5, 2017, we found 3,342 papers published in 
journals in a search of a keyword of physiotherapy in paper title from 
Pubmed.com library. Some issues regarding the most productive 
journals in physiotherapy and the closest author collaboration in 
nations are still unclear. 

Social Network Analysis (SNA) [4-6] has applied to authorship 
collaboration in recent years. It is because co-authorship among 
researchers that forms a type of social network, called co-author 
network [5]. An apocryphal story often told to illustrate the concept 
of co-occurrence is about beer and diaper sales. It usually goes along 
with both beer and diaper sales which were strongly correlated [7-9] in 
a convenient store. However, how to explore the phenomenon of dual 
merchandises that are co-existed in a bio-system is still not reported in 
literature using SNA. 

Comorbid is often defined in medicine as existing simultaneously 
with and usually independently of another medical condition. For 

instance, torture is associated with adverse health consequences, 
with especially high rates of Post-Traumatic Stress Disorder (PTSD), 
depression and chronic pain Cardiovascular comorbidities were 
common both before and after diabetes [10]. It is very hard to observe 
the association of two or more symptoms at one moment. In tradition, 
a disease group was established by applying a relevant health dataset. 
Each patient was frequency-matched by age, sex, and comorbidities 
without the study disease from the general population to form a control 
group. Logistic regression analysis is commonly performed to estimate 
the influence in use on the disease risk [11]. Whether the SNA can be 
an alternative to investigate the relation of any pair of dual symptoms is 
worthwhile to inspect and study. 

We are thus interested in using SNA to explore the most pair 
relations for a medical term of physiotherapy through what we 
observed and collected from data, such as abstract keywords, coauthor 
collaborations, and others related to the target term of physiotherapy, 
especially using Google Maps to present these features.

Our aims are to investigate the target term of physiotherapy with 
following steps: (1) what nation based on the 1st author published the 
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most papers in physiotherapy in past years; (2) what is the prominent 
journal that published the most number of papers in physiotherapy; (3) 
how to transform visual representations from SNA to Google Maps and 
report the cluster relations in physiotherapy; (4) what different when 
we show international author collaborations based on the coordinates 
of latitude and longitude on Google Maps. .

Methods
Data sources

We downloaded data including author names, author nations, and 
the publication journals from the PubMed database (Pubmed.org) 
maintained by the US National Library of Medicine, National Institutes 
of Health with the keyword of physiotherapy [Title] on November 5, 
2017. Microsoft Excel VBA (visual basic for applications) modules were 
programed by authors to organize data for the use in this study. A total 
of 3,342 journal articles were retrieved. 

Data arrangement to fit SNA requirement

Prior to visualize representations of research findings using SNA, 
we arranged data in compliance with the SNA format and guidelines 
using Pajek software [12]. Microsoft Excel VBA was applied to make 
data fitting the SNA requirement. For more information about the 
data format, see Pajek guideline at http://vlado.fmf.uni-lj.si/pub/
networks/pajek/.

Graphical representations to report

The most number of papers published by nations and journals: 
Many article types are categorized on Pubmed.com, we merely 
extracted these papers of journal article from the library and made 
tables to present (1) nations based on the 1st author that published the 
most in physiotherapy, and (2) the prominent journal that published 
the most number of papers in physiotherapy.

Author nations and their relations: Google Map is suitable for 
presenting the author-nation distribution on earth by either nation or 
cluster with coordinates of latitude and longitude. The following two 
figures were generated to report the clusters of nations on a Google Map, 
and show international author collaborations based on the coordinates 
of latitude and longitude on Google Maps.

Statistical tools and data analysis 

SNA Pajek software [12] was used to obtain the measures of 
centrality. Google map was applied to display visualized representations 
for the keyword of physiotherapy in title published on Pubmed.com 
in the past. Author-made Excel VBA modules were prepared for 
organizing data and matching nations’ coordinates of latitude and 
longitude. 

Results
The most number of papers published by nations and journals

The most number of papers regarding the keyword of physiotherapy 
published on Pubmed.com are shown in Table 1 (n=2057 due to some 
papers without specific nation data on the 1st author). We can see 
that the top three nations are from Australia (409, 9.88%), U.K(389, 
18.91%), and Netherlands (128, 6.22%). Likely, the top three prominent 
journals are Aust J Physiother (176, 5.27%), Physiotherapy (168, 
5.03%), and Vopr Kurortol Fizioter Lech Fiz Kult (105, 3.14%), see 
Table 2(n=3342) [Table 1 and 2]. 

Author nations and their relations

Authors’ nation clusters regarding the keyword of physiotherapy 
published on Pubmed.com are distributed in Figure 1. We can see 
that the two nations of U.K. and Australia have the closest relation in 
comparison with others. Each cluster is colored by the algorithm of 
community partition in Pajek and sized by the strength of coauthor 
relations: the stronger, the wider is the connected line. The coordinates 
have been transformed from the Pajek type (zeros from the left top 
point to the right bottom) to the Google Map type (zeros at the middle). 
All nations are relocated according to the coordinates of latitude 
and longitude in Figure 2. We can see that authors from Europe are 
frequently found in the field of physiotherapy. Australia, U.S., Canada, 
and Brazil outside Europe are the top four with the most publication of 
papers with the keyword of physiotherapy (Figure 1 and 2).

Discussion
The top three nations are from Australia (409, 9.88%), U. K (389, 

18.91%), and Netherlands (128, 6.22%). The top three prominent 
journals are Aust J Physiother (176, 5.27%), Physiotherapy (168, 5.03%), 
and Vopr Kurortol Fizioter Lech Fiz Kult (105, 3.14%), (n=3342) (Table 
2). This study combined Google map with SNA to demonstrate that the 
most frequency of authors are from Europe and the two nations of U.K. 
and Australia have the closest relation in comparison with others. 

No any paper has used Google Maps to show international coauthor 
collaborations for a medical term of physiotherapy. In data analysis, 
it is very hard to detect the association of two or more symptoms at 
one time. We applied SNA to explore the relation of any two nations 
of their coauthors that can be shown a closest collaboration in paper 
publication. Hyperlinks at references [13,14] are provided to interested 
readers who can manipulate the Google Maps with the functionalities 
of zoom-in and zoom-out to know the details of information such 
as network density of centrality and individual role strength and 
dominance played in a cluster we provided in this study.

Papers published with a keyword of physiotherapy in Title since 
1969 were investigated and a total of 3342 articles were found. If no 
such Excel modules [15, 16] were applied, it is not possible to yield 
a visual presentation [13,14] used for interpreting the results of the 
study regarding the international coauthor collaboration related to the 
keyword of physiotherapy published in the past years in literature. 

Many previous researches [4-6] have investigated coauthor 
collaboration using SNA. However, we have not seen any that can 
demonstrate a concrete way to show how to conduct this exploration of 
informative messages to readers. We showed how easy and possible the 
SNA can display all possible pairs of our observed phenomena at a short 
time incorporating the free-charged Pajek software with Google Maps. 
Journal authorship collaboration can be thus compared with each other 
(Figure 1 and 2). We can see that the author-nation-pattern was the 
prevailing one which is similar to the previous study [4].

International collaboration in science has increased rapidly in 
recent decades. One driver of this development has been the efforts 
of the European Commission to stimulate collaboration within the 
European Union across sectors and nations [17]. The development 
also self-organizes at the global level of the United States and other 
advanced industrial nations for reasons driven by the demands of 
science. Mass data storage of electronic communications [18] with 
less expensive travel may also contributes the drivers and facilitators 
to the author collaboration in science [19]. Some governments [20] 
even invest purposefully in the stimulation of “internationalization” in 
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Nation <-2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total %
Australia 153 9 19 17 18 19 32 30 23 43 45 409 19.88 

U.K 144 14 20 24 15 26 28 22 25 29 42 389 18.91 
Netherlands 60 6 7 3 3 3 11 5 4 11 15 128 6.22 

Canada 34 3 1 10 5 8 7 4 7 12 9 100 4.86 
Sweden 49 5 3 3 3 3 6 6 6 6 7 97 4.72 
Brazil 8 3 5 3 8 5 10 5 6 5 6 64 3.11 
Ireland 14 3 5 4 2 5 4 3 4 5 10 59 2.87 
Norway 15 3 5 2 4 4 5 7 3 7 4 59 2.87 
Germany 19 3 2 4 5 - 6 3 - 4 9 55 2.67 

U.S 33 3 2 1 1 2 5 1 - 2 4 54 2.63 
Others 163 36 22 33 37 55 43 58 63 66 67 643 31.26 
總總 692 88 91 104 101 130 157 144 141 190 218 2057 100.00 

Table 1. Top 10 Nations whose papers with keyword Physiotherapy in Title across years based on 1st author’s nation 

Journal <-2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total %
Aust J Physiother 170 3 3 - - - - - - - - 176 5.27 
Physiotherapy 39 - 11 18 13 9 19 12 10 15 22 168 5.03 
Vopr Kurortol Fizioter Lech Fiz Kult 91 5 2 - 3 - 3 1 - - - 105 3.14 
Physiother Theory Pract 18 6 3 7 3 10 6 8 11 8 17 97 2.90 
Physiother Can 27 3 4 8 3 5 10 7 8 14 4 93 2.78 
Physiother Res Int 29 3 2 3 4 2 4 4 3 4 6 64 1.92 
Disabil Rehabil 16 4 2 3 3 2 7 8 6 1 11 63 1.89 
BMC Musculoskelet Disord 7 4 7 5 1 7 7 8 3 3 6 58 1.74 
Clin Rehabil 24 4 4 2 4 1 2 3 2 1 4 51 1.53 
Man Ther 19 1 2 4 1 3 6 1 4 7 - 48 1.44 
Others 1160 91 80 82 101 120 145 146 143 171 174 2418 72.35 
Total 1600 124 120 132 136 159 209 198 191 224 244 3342 100.00 

Table 2. Top 10 journals whose papers with keyword Physiotherapy in Title across years 

Figure 1. Cluster distribution for nations of 1st author using Pajak coordinates

Figure 2. Cluster distribution for nations of 1st author using Google coordinates

science to promote the international coauthor collaborations more than 
ever before. 

Since the advent of bibliometrics, citation analysis has been widely 
used in many disciplines to evaluate the influence of academic articles 
[21-29]. It is worth using SNA, especially incorporating with Google 
map, to report journal or topic features in future. 

Their some limitations are in this study. Interpretation and 
generalization of the conclusions of this study should be carried out 
with caution. First, the data of this study were collected from Pubmed.
com. It is worth noting that any attempt to generalize the findings 
of this study should be made in the similar disciplines and domains 
with similar topic and scope contexts. Second, although the data were 
extracted from Pubmed.com and carefully dealt with every linkage as 
correct as possible, the original downloaded text file including some 
errors in name of nation because some were not recorded in the context 
of the downloaded data such as author’s nation that might lead to some 
bias in the results. Third, there are many algorithms used for SNA. We 
merely applied centrality measure to present the prestigious feature. 
Any changes made along with algorithm used will present different 
pattern and judgment. Fourth, the social network analysis is not subject 
to the Pajeck software we used in this study, Others such as Ucinet [30] 
and Gephi [31] are suggested to readers for use in future. 

Conclusion
Social network analysis provides wide and deep insight into the 

relationships among nations, and coauthor collaborations related to the 
keyword of physiotherapy. The results can be provided to readers for 
the submission to the journal with the aims and the scope related to 
physiotherapy. 
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