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Scientometric analysis of research outputs is impor-
tant in universities for research evaluation as it pro-
vides necessary inputs for decision makers. Common 
scientometric indicators are the number of publica-
tions, average citation per document, h-index and the 
number of authors. Y-index is also an indicator con-
sidering both the quantity and quality of scientific pro-
ducts, based on first author and corresponding author 
publications. This study aims at determining these  
indicators in first-grade universities of medical sciences 
in Iran and investigating the correlation among Y-index 
and other mentioned indices, and comparison between 
Y-index and h-index. The population under study 
comprised of all scientific productions of fourteen top 
universities of medical sciences in Iran, indexed in 
Web of Science in 2012 (7435 documents). The Tehran 
University of Medical Sciences is ranked first consid-
ering five indicators under investigation. A significant 
positive relationship was obtained among Y-index with 
the number of publications, the number of authors, 
and h-index. This indicates that Y-index can be a po-
tential proper index, for qualitative and quantitative 
evaluation of universities along with other scientific 
and research institutions. 
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SCIENTIFIC publications are of crucial importance to  
understand the output of researcher and faculty members 
at different institutional, national and international  
levels1. In research evaluation, policy-makers pay par-
ticular attention to the quality and quantity of these pub-
lications2,3. The most commonly used indicators are the 
number of publications, the citations received, the aver-
age citation per publication, h-index, etc.4,5. The number 
of publications may be qualitative but the other ones  
indicate the quantity of researches to some extent6–8. But 
these indicators do not take the authorship into considera-
tion5. On the other hand, scientific collaboration is one of 
the fast growing characteristics of a research system. This 
can be an effective solution for improving scientific tech-
nology and knowledge for different countries. Co-
authorship and collaboration in publishing articles is one 

of the indices for assessing the validity of scientific arti-
cles9–12. 
 Scientific collaboration among authors was first created 
by French chemists in the early 19th century and it grew 
slowly until World War I, when it grew faster. Some  
researchers believe that there is a significant relationship 
between scientific collaboration and scientific publica-
tions which means that scientific output will increase as a 
result of enhanced scientific collaboration13. 
 Presently, researchers tendency toward working inde-
pendently has decreased while the number of co-authored 
articles has increased rapidly in many scientific spheres14. 
Authors play varied roles in publishing articles in scien-
tific collaborations and it is clear that not all authors can 
be given the same credit. Studies indicate that the first 
and corresponding authors of an article are more impor-
tant and accredited than the others. The first author par-
ticipates actively in conceiving, designing, analysing and 
interpreting the data and publishing the article while the 
corresponding author supervizes the work directly and is 
responsible for correspondence with the journal and read-
ers of the article. Other authors may not play the same 
important role as the first and corresponding authors15–17. 
Hence, authorship analysis can help to identify leaders 
among individual researchers, institutions, or countries14. 
 Considering the important role of the first and the cor-
responding authors, the top first and corresponding  
authors of adsorption-related articles were examined by 
Ho18. Other researchers evaluated countries, institutions 
and domains based on the number of first and corre-
sponding authors19–21. In 2012 Ho suggested Y-index for 
solving the deficiencies of previous indices and evaluat-
ing the validity of the researchers’ scientific publications 
in an organization or a country, in Chinese Journal of 
Chemical Engineering and then in Scientometrics. Y-
index is considered as a proper criterion for evaluating 
and ranking institutions based on first author publications 
(FP) and corresponding or reprint author publications 
(RP). Unlike other existing indices such as h-index which 
is mono-parametric, Y-index is the first one using two  
parameters ( j, θ ) and the formula is 
 
 2 2 1/2( ) ,j FP RP= +  
 
 1tan ( / ).RP FPθ −=  
 
j shows the quantity of production based on important 
situations which depend on the number of first authors 
and corresponding author publications. If j in a university 
is greater, it means that the authors of that university 
have published more articles as the first author or the cor-
responding author. Another parameter (θ ) is calculated to 
make sure who plays an important role among the  
authors. θ indicates the distribution of the first and the 
corresponding authors’ publications. If θ ≥ 0.7854, it 
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means more RP. If θ ≤ 0.7854, it means more FP. If 
θ = 0.7854 it means the same quantity of FP and RP. 
When θ = 0 means j = number of FP and θ = ∞ it means 
j = number of RP14,22. 
 Ho applied Y-Index to study top cited articles in chemi-
cal engineering in SCI-Expanded and examined different 
countries, institutes, and authors14. In another study, he 
analysed top cited articles published in SCI-Expanded 
from 1991 to 2010 using Y-index22. Fu and Ho23 studied 
the scientific rank of China in the world and top cited  
articles and authors of this country using Y-index. This 
study extracted independent articles published in SCI-
Expanded from 1980 to 2011, and it also compared them 
to the articles published in seven industrial countries. Fu 
and Hu5 studied top cited articles in adsorption research 
using Y-index. The main contributors of authors, institu-
tions and countries and their contribution characters were 
revealed by Y-index. The findings indicated that corre-
sponding authors had received the highest citation and the 
number of the first and the corresponding authors is  
almost the same in most organizations and countries. 
Most top authors had more corresponding author articles. 
They concluded Y-index might be a better choice for 
evaluation. Ivanović and Ho24 studied the independent 
publications in Serbia. Chuang and Ho25 evaluated the 
highly cited publications in Taiwan using Y-index. They 
indicated: ‘Y-index is especially useful, in an era with an 
increasing number of authors, when unethical authorship 
practices are more likely, and when contributions of au-
thors are diluted.’ It reveals major contributors, ignoring 
unethical authors, such as gift authors, but also provides 
deep insights into the features of contributions. 
 The use of Y-index can encourage researchers to look 
at the extent of contribution, as well as the character of 
contribution. It can be used to complement existing indi-
cators4 and broadens current evaluation system with the 
consideration of authorship to reduce the problem of  
increasing multi-authorship and unethical authorship. It 
can be applied to examine important contributors and 
look further into the contribution characters of authors, 
institutions and countries of other fields5. 
 Research into the evaluation of Iranian scientists’ sci-
entific publication started since the last two decades and 
is expanding. During recent years a noticeable number of 
theses and research projects have been conducted in this 
regard which signify growth of science in Iran26. Many of 
these studies are on the evaluation and ranking of Iranian 
universities using criteria such as number of scientific 
publications, citations received, h-index, impact factor, 
and g-index27–31. It is obvious that results achieved may 
be different if the universities are compared and ranked 
based on various scientometric indicators. As such, usually 
various indicators are used together for evaluating the ac-
tivities of research institutes32. 
 It is inevitable that the method of evaluation of scien-
tific publications will impact on the behaviour and  

approach of researchers and authors in a way that authors 
will be directed towards the evaluation method. Findings 
indicate that in 1992 in England, scientists were intrinsi-
cally and normally inclined towards increasing the num-
ber of publications when the evaluation criterion was the 
number, but when in 1996 it was announced that the 
evaluation criterion has been changed from quantity to  
citation-based quality, the authors tried to increase publi-
cations with greater citation index33. Thus use of Y-index 
for evaluating scientific productions of universities may 
cause an increase in first and corresponding author publi-
cations. 
 Since Y-index is almost new and important, the present 
study aims at determining Y-index as well as common 
scientific indicators (the number of scientific publica-
tions, average citations and h-index) in the first-grade 
universities of medical sciences in Iran and studying the 
relationship between these indicators. The present results 
can affect future planning and policy makings of univer-
sities and institutions and research evaluation at different 
levels of authors, institutions and countries. 
 The research population in the present study encom-
passed all scientific publications (7435 documents) of 14 
top-ranked universities of medical sciences in Iran, which 
were indexed in Web of Science in 2012. The data were 
collected on 2 December 2014 based on CU = Iran and 
PY = 2012 in Web of Science Core Collection including 
Science Citation Index-Expanded, Social Science Cita-
tion, Art and Humanities Citation Index and Conference 
Proceedings Citation Index. All medical sciences, univer-
sities names were individually selected and refined in  
Organization-Enhanced section. The number of citations, 
average citations and h-index were retrieved from citation 
report section of WOS. Spearman’s Correlation Coeffi-
cient was used to determine the relationship between  
different indices. 
 Table 1 shows that 47.8% of total scientific publica-
tions of Iran in 2012 was published by medical universi-
ties and more than one-fourth of these publications was 
published by 14 top medical universities under study. This 
shows that 57.3% of the publications of medical universi-
ties were published by these top medical universities. 
 Table 2 shows that the Tehran University of Medical 
Sciences has the highest number of publications and cita-
tions, followed by Shahid Beheshti and Shiraz universi-
ties of medical sciences. However, the average citations 
per document and h-index show a different result.  
Tehran, Kerman and Shahid Beheshti universities of medi-
cal sciences are ranked first to third based on average  
citation and Tehran and Shahid Beheshti universities re-
ceived the first and second ranks which Tabriz and 
Mashhad received the third rank. 
 Table 3 indicates that the Tehran University of Medical 
Sciences published more articles by the first and corre-
sponding authors. Tehran, Shahid Behehshti and Shiraz 
universities of medical sciences are ranked first to third 
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Table 1. Scientific publications of universities in Iran based on WOS in 2012 

Scientific publications  Number Percentage 
 

Scientific publication 27,136 100 
Scientific publication of universities of medical sciences 12,968 47.8 
Scientific publication of 14 top universities of medical sciences  7435 27.4 

 
 

Table 2. The number of publications, citations and h-index of medical universities in Iran based on  
 WOS in 2012 

University of medical Number of Number of received Average citations 
sciences pub. (rank) citations (rank) per doc. (rank) h-index (rank) 
 

Tehran 2797 (1) 9194 (1) 3.29 (1) 24 (1) 
Shahid Beheshti 1806 (2) 4635 (2) 2.57 (3) 18 (2) 
Shiraz 649 (3) 1276 (3) 1.96 (9) 12 (4) 
Isfahan 646 (4) 1214 (4) 1.88 (11) 12 (4) 
Tabriz 511 (5) 1211 (5) 2.35 (7) 13 (3) 
Mashhad 484 (6) 1121 (6) 2.42 (5) 13 (3) 
Baqiyatallah 223 (7) 530 (7) 2.38 (6) 9 (6) 
Mazandaran 206 (8) 366 (10) 1.78 (12) 8 (7) 
Kerman 196 (9) 515 (8) 2.63 (2) 10 (5) 
Kermanshah 154 (10) 395 (9) 2.56 (4) 8 (7) 
Urmia 138 (11) 273 (11) 1.98 (8) 6 (9) 
Kashan 135 (12) 261 (12) 1.93 (10) 6 (9) 
Ahvaz Jundishapur 131 (13) 201 (13) 1.52 (13) 7 (8) 
Shahid Sadoughi 115 (14) 173 (14) 1.5 (14) 5 (10) 

 
 

Table 3. Y-index and its parameters in universities of medical sciences in Iran based on WOS in 2012 

    Reprint     
University of  Total Total First (corresponding) First and   
medical sciences publication authors author author reprint author One author j (rank) θ 
 

Tehran 2797 9154 852 578 490 42 1774.13 (1) 0.67 
Shahid Beheshti 1806 5100 640 495 378 27 1379.13 (2) 0.86 
Isfahan 646 1915 386 368 295 23 982.96 (3) 0.97 
Shiraz 649 1896 272 200 208 3 634.20 (4) 0.85 
Tabriz 511 1515 226 213 115 8 484.45 (5) 0.96 
Mashhad 484 1638 203 61 74 11 323.89 (6) 1.35 
Urmia 138 335 29 29 74 5 152.73 (7) 1 
Kermanshah 154 522 44 49 49 0 135.10 (8) 1.05 
Kerman 196 802 62 45 41 0 134.18 (9) 0.83 
Ahvaz Jundishapur 131 450 70 42 29 0 121.82 (10) 0.71 
Mazandaran 206 754 45 45 36 2 117.42 (11) 1 
Baqiyatallah 223 224 33 55 22 0 94.62 (12) 1.03 
Kashan 135 234 36 23 18 2 70.60 (13) 0.76 
Shahid Sadoughi 115 370 22 32 31 0 32.82 (14) 1.18 

 
 
based on j parameter. In addition, θ shows that most of 
the publications in 11 universities are related to corre-
sponding authors. Its largest number is related to Mash-
had University of Medical Sciences followed by Shahid  
Sadoughi and Kermanshah universities of medical sci-
ences. Only in three universities of medical sciences (Te-
hran, Kashan and Ahvaz Jundishapur) its number is less 
than 0.7854. It shows that most of the authors of these 
universities have been first authors. 
 According to values in different indices presented in 
Tables 2 and 3, the correlation coefficient between pa-

rameter j of Y-index and h-index with other indicators 
was calculated. The diagram of correlation is presented in 
Figures 1 and 2. 
 The correlation coefficient between Y-index ( j para-
meter) and the number of scientific productions was 
0.855; between Y-index and h-index was 0.839; between 
Y-index and total authors was 0.881 (P ≤ 0.001) which 
indicates a direct and significant relationship between j 
parameter and mentioned indicators. 
 The correlation coefficient between Y-index and the 
mean of received citations was 0.525 (P = 0.054). The 
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Figure 1. Scatter plot between Y-index and h-index, total authors, number of publications and average citations. 
 
 

 
 

Figure 2. Correlation diagram between h-index and total authors, publication number and average citations. 
 
 
P-value indicates that there is no significant relationship 
between j parameter and the mean of citations received. 
 The correlation coefficient between h-index and the 
number of scientific publications was 0.932; between h-
index and total authors it was 0.854; and between h-index 
and the mean of citations it received was 0.66 (P ≤ 0.001) 
which indicates a direct and significant relationship  
between these parameters. 
 These findings show that Tehran and Shahid Beheshti 
universities of medical sciences have a larger number of 

scientific publications and citations. It indicates that since 
these universities have larger faculty and students,  
research centres, colleges, libraries and hospitals, they 
publish more articles and play a key role in science  
output. In addition, the faculty members’ rankings and 
the antiquity of the university are two other factors that 
may affect this issue. 
 The results of the evaluation of medical universities’ 
research activities in 2006 emphasize the point that uni-
versities of medical sciences with more facilities had 
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more scientific publications and greater citations as com-
pared to other universities34. 
 The average number of citations received per document 
varies between 1.5 and 3.29 which is almost negligible. 
This shows that the importance of articles published is 
low. The h-index values indicate that Tehran University 
of Medical Sciences is ranked first. Other studies also 
showed that h-index is a simple function of citations and 
with an increase in the number of citations this index also 
increases35,36. It can be said that the reason for low values 
of h-index, like average citations, is the short time inter-
val between the date of publication of these articles and 
their retrieval dates. 
 The findings indicate that Tehran, Shahid Beheshti and 
Isfahan universities of medical sciences ranked first to 
third respectively, regarding Y-index. If a university’s  
total number of publications is higher but its authors are 
neither the first nor corresponding authors, such publica-
tions will not provide any advantage for that university 
regarding Y-index. 
 With regard to the value of θ, it is recommended that 
universities pay more attention to publishing articles with 
organizational affiliation of the first author. The θ values 
indicated that only three universities had the highest 
number of publications by the first author. 
 These findings indicate a direct and significant rela-
tionship between Y-index and scientific publications, 
number of authors, and h-index which confirm the results 
of Ho indicating that Y-index increases with increase in 
the number of scientific productions of a country or an 
institute22. This means if the number of authors and the 
number of publications increase then j-parameter  
increases. And if the j-parameter increases, h-index also 
increases. 
 Fu and Ho23 demonstrated that j parameter is higher in 
articles with higher citations which is contradictory to the 
present results indicating that there is no relationship  
between j parameter and the average citations per docu-
ment. 
 Comparison of Y-index and h-index with other indica-
tors shows that these two indicators are the same if com-
pared with number of publications and the number of 
authors. A strong correlation between h-index and aver-
age citations was obtained, but there was no relationship 
between y-index and average citations. 
 The correlation coefficients indicate, as Fu and Ho5,23 

have mentioned Y-index shows both quantity and quality 
at the same time and can be used as a new index for rank-
ing universities, countries and faculty members from a 
different angle of authorship. It can be used in research 
evaluation systems to decrease the problem of increasing 
multi-authorship. 
 Considering the present research population and the 
correlation results obtained, it is recommended that these 
relations be investigated in a study with larger samples, 
which can be selected amongst authors or universities. If 

a positive relationship is achieved between Y-index and 
other indices, it can increase the validity of the Y-index. 
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Breast cancer and prostate cancer are the most com-
mon gender-specific types of cancer among women 
and men respectively, around the world. The most 
preferred treatment embraced by the patients is che-
motherapy. The anticancer drugs developed and used 
so far cannot completely cure cancer at all stages and 
also exhibit some side effects in the patients who un-
dergo chemotherapy. Besides this, some cancer cells 
eventually acquire resistance to many drugs and evade 
the treatment procedures. All these factors play a vital 
role in persuading the researches to find alternative 
modes of treatment for cancer. This communication 
proposes an unconventional mode of cancer treatment 
by determining the natural frequencies of normal and 
cancer cells. By utilizing these frequencies, it is possi-
ble to kill the cancer cells specifically, sparing the 
healthy cells. The normal and cancer cells in case of 
breast (MCF-10A, MCF-7) as well as prostate cancer 
(BPH, LNCap) are modelled as a sphere in ANSYS. 
The modal analysis is done in order to obtain their 
natural frequencies along with their mode shapes at 
different frequencies. The results show that the natu-
ral frequency of the normal cells is much higher than 
that of the cancer cells at each corresponding mode. 
The natural frequency is proportional to the mechani-
cal properties of the cells and is insignificant with re-
spect to the change in diameter of the cells. Thus, 
utilizing the natural frequency, cancer cells may be 
specifically targeted while the burdens of chemother-
apy and drug resistance. 
 
Keywords: Breast cancer, modal analysis, natural fre-
quency, prostate cancer. 
 
CANCER cells divide uncontrollably and grow rapidly, 
forming malignant tumours as well as invading nearby 
organs of the body. Cancer can also spread to more dis-
tant parts of the body through the lymphatic system or 
bloodstream. According to the American Cancer Society 
(ACS), a total of 1,658,370 new cancer cases and 589,430 
cancer deaths were projected to occur in the United States 


