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 Review Article 

Global bibliometric analysis of nanoemulsion-based 

serums for hair growth (2015-2025): Trends, 

collaborations, and future directions 

 

Introduction 

Hair disorders may arise from various contributing 

factors, including genetic, stress, hormonal, and 

environmental factors.
1
 Among these conditions, 

Alopecia is a common disorder affecting both men 

and women.
2
 Androgenetic alopecia is the most 

common form in adults and may impair quality of 

life due to hair loss and the associated impact on 

physical appearance.
3
 One of the therapeutic 

methods to address this problem is the use of 

nanoemulsions, which have been demonstrated to be 

useful in increasing the solubility of active 

compounds, stimulating hair growth.
4
 

The growing need for safe and clinically proven hair 
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Abstract 
 

Alopecia and other disorders of hair growth have a significant impact on quality of life. Traditional serum 

preparations are often limited by several limitations, especially low scalp uptake and poor bioavailability of 

active ingredients. One proposed approach to overcoming these limitations is the use of nanoemulsions as 

a delivery system. However, the trends of investigations in this area have not been extensively mapped. 

Therefore, this study aimed to examine the trends in articles, collaboration, and contribution to the 

development of nanoemulsion-based hair growth serums from 2015 to 2025. The keywords, including 

serum AND nanoemulsion OR hair growth, were searched in the Scopus database on September 1, 2025. 

Following the inclusion criteria, 585 articles were analyzed using RStudio (Biblioshiny) and VOSviewer to 

assess the trend in articles, collaboration on an international level, and the performance of the journal, as 

well as the productivity of the authors, and the co-occurrence of the keywords. The results showed that the 

number of articles has steadily increased over time, with the highest number in 2023 (87 articles). The 

highest number was recorded in China (n=105), while the United States had the best citation effect and 

collaboration network. The most productive institution was the National Research Centre, and the most 

prolific authors were Mona Anwar El-Banna and Mehrez E. El-Naggar. The most common sources of 

articles were found to be Journal of Cosmetic Dermatology and Pharmaceutics, and the most cited source 

with the greatest impact was Colloids and Surfaces B: Biointerfaces. Nanoemulsion-based hair growth 

serums have demonstrated considerable evolution, with a growing global cooperation and scientific 

presence. These results suggest opportunities to enhance cross-country collaboration, harmonize 

formulation studies, and expedite the clinical conversion of nanoemulsions-based hair growth therapy 

products. 
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care products has driven the development of 

nanoemulsion-based serums for hair growth. Poor 

penetration and bioavailability of active ingredients 

in the scalp remains one of the primary limitations of 

traditional hair growth serums.
5
 One proposed 

approach to overcome these limitations is the use of 

nanoemulsions as a delivery system. Nanoemulsion 

formulations, due to the small particle size, facilitate 

a deeper and more uniform distribution of active 

compounds, thereby increasing bioavailability. This 

system offers a more effective, safe, and efficient 

method of drug delivery, enhancing the stability and 

bioavailability of active compounds in topical 

formulations, which are important aspects of hair 

care. Previous studies have shown that 

nanoemulsions can increase skin permeability, 

enabling active ingredients to reach specific targets 

faster and more efficiently.
6
 This reflects how 

nanoemulsions achieve more effective therapeutic 

outcomes in hair care compared to conventional 

methods.
7
 However, the trends of investigations in 

this area have not been extensively mapped. 

Bibliometric studies can offer comprehensive 

insights, reveal gaps in knowledge, elucidate 

patterns of a researcher involvement, and support the 

development of new concepts.
8
 Several factors can 

be investigated, including research outputs, 

institutions, authors, published journals, and 

knowledge dissemination of a given topic.
9
 This 

research was conducted to address the increasing 

global demand for more effective and safer hair care 

products, together with existing gaps in the literature 

on nanoemulsions in dermatological applications. 

Nanoemulsion-based serum strategy has a high 

potential to advance beyond currently used 

conventional formulations. 

Although a few investigations have been conducted  

to determine nanoemulsion formulations of cosmetic 

and pharmaceutical products, limited research has 

focused specifically on application in serum-based 

hair growth systems. Therefore, more research is 

required to examine the penetration of drugs in 

nanoemulsion-based hair growth serums. Finally, the 

development of effective nanoemulsion based 

serums offers a safer and more efficient strategy for 

management of alopecia and other hair growth 

disorders.
10

 

This study seeks to comprehensively assess research 

dynamics, collaboration patterns, and academic 

contribution in development of nanoemulsion based 

hair growth formulations between 2015 and 2025. 

Despite extensive evidence on nanoemulsion 

applications in medical and cosmetic fields, a 

comprehensive bibliometric analysis specifically 

focused on nanoemulsion-based hair growth serums 

has not been conducted.
11

 This gap offers a basis for 

this research, which provides a thorough review of 

the literature on nanoemulsion-based hair care 

serums in the last ten years. Some of the mapping 

aspects in the analysis included global collaboration, 

performance analysis of top universities, evaluation 

of high impact journals, features of highly cited 

articles, and new research themes. Only articles 

included in Scopus and written in English, published 

since 2015, were selected. This methodology is 

expected to help future research in designing 

formulations that fulfill clinical requirements, have 

minimal toxicity, and improve drug absorption for 

hair growth. Finally, nanoemulsion-based serums 

might provide a more effective and safe alternative 

to those having androgenetic alopecia, as well as 

other conditions associated with hair thinning and 

decreased hair density.
10

 

Methods 

There were no human subjects involved in this 

research; hence, ethics committee approval and 

informed consent were not required. The search was 

performed using an observational design based on a 

literature database. The Scopus database 

(https://www.scopus.com), accessed on September 

1, 2025, was selected, as it is more comprehensive 
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than other databases.
11

 All research articles relevant 

to serum, nanoemulsion, and hair growth were 

retrieved to ensure that the dataset accurately reflects 

current developments in this field. The search 

strategy used the keywords “serum” AND 

“nanoemulsion” OR “hair growth”. The inclusion 

criteria included articles (a) published between 2015 

and 2025, (b) written in English, and (c) research. 

Data collected were exported in CSV format using 

Microsoft Excel, and then refined through Microsoft 

Excel to eliminate duplicates and for validation. The 

characteristics of links and total link strength were 

measured using the distance between each value. 

Data were analyzed using Rstudio and VOSviewer. 

The exported CSV files were analyzed using 

Biblioshiny (Bibliometrix), which can be accessed 

through RStudio (it is free to download at 

https://www.rstudio.com/products/rstudio/). The 

data consisted of institutional contributions, 

citations, co-authorship, and keyword co- 

occurrence. The thesaurus option of Microsoft Excel 

was then used to clean the data to minimize 

duplication and standardize similar words 

Results 

As shown in Figure 1, about 1900 articles were 

located in Scopus using the keywords serum and 

nanoemulsion OR hair growth. Scopus offers wide 

coverage and detailed information on research article 

data in different fields, with the most significant 

ones being biology and natural sciences.
12

 Following 

the inclusion criteria, 585 articles were left to 

analyze. 

Global Article Trends (2015-2025) 

Table 1 shows the analysis of articles worldwide 

and the average number of citations per article using 

RStudio. 

An average of 53.18 articles were published 

annually, with a mean of 20.28 citations per article.  

Most articles were published in 2023 (87), 2024 

(67), and 2025 (65). The average number of citations 

per article was the greatest in 2017, with 38.48 

citations per article. This indicates that 42 articles 

published in the year were used at least 38 times in 

the later research. The articles showed an upward 

trend between 2015 and 2025, although there was a 

decrease in 2024 and 2025 relative to the preceding 

year. This tendency is connected with the increasing 

amount of research interest in nanoemulsion-based 

hair growth serums, indicating that the potential of 

these products to be used in a range of areas is 

already recognized to a greater extent. 

 

 

Figure 1 Flow diagram of the steps of article search. 

 
Table 1 RStudio-based publication data trend by year. 

Year 

Mean 

Citation 

per Article 

Total 

Article 

Mean 

Citation 

per Year 

Total 

Citable 

Years 

2015 36.14 36 3.29 11 

2016 34.08 26 3.41 10 

2017 38.48 42 4.28 9 

2018 27.44 34 3.43 8 

2019 20.87 55 2.98 7 

2020 19.49 49 3.25 6 

2021 21.89 64 4.38 5 

2022 13.03 60 3.26 4 

2023 8.14 87 2.71 3 

2024 2.64 67 1.32 2 

2025 0.85 65 0.85 1 

Average 20.28 53.18 3.01 6 
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Figure 2 Country collaboration map from 2015 to 2025 using RStudio. 

 
International Collaboration Networks 

The international collaboration network among 

countries with at least five articles was analyzed 

using VOSviewer, and the analysis conducted with 

RStudio (Figure 2) illustrates the collaboration map 

among countries involved in research on 

nanoemulsion- based hair growth serums. The 

intensity of the blue color indicates the number of 

articles between 2015 and 2025, with darker shades 

representing higher research activity. Red lines 

represent collaborative relationships among authors 

from different countries. The distance between two 

nodes, or the length of the connecting line, reflects 

the similarity of research interests between 

countries. Shorter distances indicate closer 

alignment, whereas longer distances suggest 

differences in research focus.
13

 

A total of five distinct clusters were identified from 

71 countries that met the minimum threshold of five 

articles. Each cluster is represented by 

interconnected nodes (circles), while the strength of 

co-authorship and citation networks is indicated by 

the thickness of the connecting lines.
14

 Larger nodes 

represent countries with higher article output 

compared to those with lower contributions. Overall, 

the United States (732), Saudi Arabia (463), and the 

United Kingdom (351) exhibited the highest total 

link strength. 

Cluster 1 (red) consists of eight countries, with the 

United States and China showing the strongest 

collaboration networks, with total link strengths of 

732 and 298, respectively. In Cluster 2 (green), 

Egypt and India exhibit the highest link strengths 

(347 and 275, respectively). Cluster 3 (blue) 

contains Iran and Iraq, which have overall link 

strengths of 142 and 36. Despite the fact that China 

tops in the number of articles, it has a low number of 

citations and link strength in comparison to other 

productive countries like the United States, Egypt, 

and Saudi Arabia. This indicates that scientists in 

China must intensify international cooperation to 

create a balance between the number of articles and 

citations. 

Cluster 4 (yellow) points to Brazil, which has the 

best collaboration network with a total link strength 

of 67. Cluster 5 (purple) comprises Australia, 

Indonesia, Japan, and Malaysia. Although the 

majority of the 71 countries showed cooperative 

action, it is necessary to enhance links among lower-

ranked and leading countries to assist in undertaking 

research on nanoemulsion-based hair growth serums. 
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Journal participation in research on Nanoemulsion-

based hair growth serums (2015-2025) 

Journal participation was analyzed using VOSviewer 

and is presented in Table 2 and Figure 3, with 

further analysis conducted using RStudio. A total of 

352 journals published research articles on 

nanoemulsion-based hair growth serums between 

2015 and 2025. Among these, 18 journals met the 

minimum threshold of five articles. Journal of 

Cosmetic Dermatology and Pharmaceutics published 

the highest number of articles (14 each). This was 

followed by Journal of Drug Delivery Science and 

Technology (13 articles), Colloids and Surfaces B: 

Biointerfaces (9 articles), Animals, International 

Journal of Pharmaceutics, and International Journal 

of Applied Pharmaceutics (8 articles each). 

In terms of average citations per journal, Drug 

Delivery ranked first with an average of 55.43 

citations per article, followed by Colloids and 

Surfaces B: Biointerfaces (49.56) and International 

Journal of Pharmaceutics (46.00). Citation counts 

are a measure of the publicity and importance of 

research. The Journal of Cosmetic Dermatology and 

Pharmaceutics had the highest number of articles, 

and the main orientation was on cosmetic 

dermatology, which could justify its popularity in 

this field of research. Alternatively, Drug Delivery 

(Science Direct) had the highest citation rate, 

probably because of a wider focus, including 

formulation science, drug delivery technologies, and 

different administration routes that are meant to 

enhance drug efficiency, safety, and patient 

compliance. These peculiarities correlate with the 

design and use of nanoemulsion systems. 

 

Table 2 Journals with at least 5 publications on serum nanoemulsion for hair growth. 

Journal Total Publication Total Citations 
Average citation per 

Journal 

Journal of Cosmetic Dermatology 14 86 6.14 

Pharmaceutics 14 183 13.07 

Journal of Drug Delivery Science and Technology 13 197 15.15 

Colloids And Surfaces B: Biointerfaces 9 446 49.56 

Animals 8 58 7.25 

International Journal Of Applied Pharmaceutics 8 18 2.25 

International Journal Of Pharmaceutics 8 368 46.00 

Drug Delivery 7 388 55.43 

European Journal of Pharmaceutics and Biopharmaceutics 7 158 22.57 

International Journal of Biological Macromolecules 7 132 18.86 

International Journal of Nanomedicine 7 204 29.14 
 

 
 

Figure 3 Most relevant sources on serum nanoemulsion hair growth.  
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Participation of the country in the research about 

the nanoemulsion-based hair growth serums (2015-

2025) 

Table 3 shows the results of global research 

participation by country, analyzed with VOSviewer. 

The table shows that 71 countries published relevant 

articles between 2015 and 2025. China ranked first 

with 105 articles and 1,927 citations, followed by 

the United States (100 articles, 2,351 citations), 

India (69 articles, 1,388 citations), Egypt (68 

articles, 1,179 citations), and Saudi Arabia (49 

articles, 879 citations). Although China had the 

highest number of articles, the United States 

achieved nearly twice the total citations of China 

with a comparable number of articles. 

Institutional and Affiliation Participation in 

Research on Nanoemulsion-Based Hair Growth 

Serums (2015-2025) 

Institutional participation in research on 

nanoemulsion-based hair growth serums with a 

minimum threshold of 25 articles, is presented in 

Table 4. 

A total of 1,155 institutions/ affiliations actively 

contributed to research outputs in this field, of which 

25 institutions published at least five articles. The 

institution with the highest research output was the 

National Research Centre with 30 articles. This was 

followed by the Faculty of Science, King Abdulaziz  
 

Table 3 Top 20 countries with most publications on 

Serum nanoemulsion for hair growth research 

Country Documents 
Total 

Citation 

Average 

citation per 

publication 

China 105 1927 18.35 

USA 100 2315 23.15 

India 69 1388 20.12 

Egypt 68 1179 17.34 

Saudi Arabia 49 879 17.94 

Iran 27 577 21.37 

South Korea 24 512 21.33 

UK 24 417 17.38 

Indonesia 23 68 2.96 

Brazil 22 484 22.00 

Spain 20 549 27.45 

Germany 19 305 16.05 

Iraq 15 29 1.93 

Thailand 12 115 9.58 

Turkey 12 247 20.58 

France 11 239 21.73 

Japan 11 161 14.64 

Taiwan 10 190 19.00 

Italy 9 440 48.89 

Portugal 9 131 14.56 

University (8 articles), and three institutions with 

equal output of seven articles each: the Faculty of 

Pharmacy, King Abdulaziz University, the Faculty 

of Pharmacy, Cairo University, and the Faculty of 

Pharmacy, Ain Shams University. 

Author participation (2015-2025) 

Authorship analysis identified 3,315 authors 

contributing to research on nanoemulsion-based hair 

growth serums, as processed using VOSviewer  
 

Table 4 Institutions with at least 25 publications on Serum nanoemulsion Hair Growth. 

Affiliation Country Total Publication Total Citation 

National Research Centre, Giza Egypt 30 548 

Faculty Of Science, King Abdulaziz University Saudi Arabia 8 196 

Faculty Of Pharmacy, King Abdulaziz University Saudi Arabia 7 48 

Faculty Of Pharmacy, Cairo Egypt 7 186 

Faculty Of Pharmacy, Ain Shams University Egypt 7 61 

Universidade De São Paulo Brazil 6 66 

Faculty Of Veterinary Medicine Egypt 6 52 

National Organisation for Drug Control and 

Research, Egypt 

Egypt 6 128 

Jazan University Saudi Arabia 6 138 

Jamia Hamdard India 6 238 

Fudan University China 6 98 

Korea University South Korea 6 124 

Universidade De Sao Paulo Brazil 6 66 

Vellore Institute Of Technology India 6 85 
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(Table 5). Only 12 authors met the minimum 

threshold of five articles within the 2015-2025 

period. Among the most active authors are Mona 

Anwar El-Banna and Mehrez E. El-Naggar, each 

publishing seven articles. Mayson H. Alkhatib, Jihan 

Seid Hussein, Yasmin Abdel Latif, and Dalia 

Medhat, each having six articles, are other 

prominent authors. Furthermore, Rania F. Ahmed, 

Omar A. Farid Ahmed, and Raul Cavalcante 

Maranhao contributed five articles each. The 

analysis provides the average year of article and 

active years of research, showing that these scholars 

have been actively involved in the field.
15

 

The analysis of author citation was carried out using 

the VOSviewer (Table 4), which showed the top 10 

contributors with the most citations. Mona Anwar 

El-Banna was first with 254 citations, followed by 

Mehrez E. El-Naggar (197 citations), and finally 

Dalia Medhat (136 citations). Citation analysis is a 

significant measure of scientific impact, as it shows 

the degree to which the work of an author is cited by 

other researchers.
17

 It also shows the level of 

contributions made by authors and the associated 

organization. Mona Anwar El-Banna and Mehrez E. 

El-Naggar were significantly more concerned with 

nanoparticle formulation, pharmacology, toxicology, 

and biomedical applications, leading to the high 

number of citation rates, as the articles are 

interdisciplinary. Similarly, Dalia Medhat 

specialized in nanoemulsions and biochemistry, 

contributing to numerous citations. Other highly 

cited authors within the top 10 predominantly focus 

on nanoparticle formulation, biochemistry, and 

pharmacology. 

Based on these findings, research quality, visibility, 

and impact cannot be assessed solely based on the 

number of articles. Instead, citation impact also 

reflects the breadth of research interest, 

interdisciplinary relevance, and level of global 

visibility.
15

 Table 4 shows that most leading authors 

in this field are established researchers with high h- 

index values, reinforcing their status as influential 

contributors to research on nanoemulsion-based hair 

growth serums. 

Co-occurrence of Keywords by Authors in Research 

on Nanoemulsion-Based Hair Growth Serums 

(2015-2025) 

Author keyword co-occurrence was analyzed using 

VOSviewer (Figure 4). Keywords or terms that are 

repeatedly used by authors are referred to as 

“keyword co- occurrence in scientific articles.” 

These keywords not only reflect current research 

trends but also enhance the visibility and 

discoverability of future investigations.
17

 Among 

9,005 keywords related to this sphere, 903 had five 

or more occurrences. The most frequently occurring 

terms were “article” (463), “controlled study” (349), 

“nanoemulsion” (321), “nonhuman” (287), and 

“human” (260). These are keywords that are most 

often included in author abstracts, suggesting the 

focus on issues related to formulation, 

pharmaceutics, and pharmacology is high. 

Furthermore, link strength analysis showed that the 

article had the greatest total link strength (15,242), 

then controlled study (12,340), nanoemulsion 

(10,211), nonhuman (10,499), and human (8,244).  

 

Table 5 Top 10 most cited authors on Serum nanoemulsion Hair Growth. 

Author Total Publication Total Citation Average citation per publication H index 

El-Banna Mona Anwar 7 254 36.29 5 

El-Naggar Mehrez E. 7 197 28.14 5 

Medhat Dalia 6 136 22.67 5 

Hussein Jihan Seid 6 135 22.50 5 

Latif Yasmin Abdel 6 135 22.50 5 

Nasr Maha 6 124 20.67 4 

Ahmed Rania F. 5 121 24.20 4 

Ahmed-Farid Omar A. 5 121 24.20 4 

Maranhäo Raul Cavalcante 5 62 12.40 5 

Alkhatib Mayson H. 6 56 9.33 5 
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Figure 4 Network visualization of author’s keyword with a minimum of 5 co- 

occurrences in publications on serum nanoemulsion for hair growth between the 

years 2015-2025. 

 

These results indicate that most of the considered 

articles make extensive use of the terms, as they are 

at the heart of this area of research.  

The cluster analysis showed six big thematic 

clusters, including Cluster 1: cosmetics, Alopecia, 

androgen, case-control study, dihydrotestosterone, 

drug efficacy, finasteride, genetics, hair growth. 

Cluster 2: chemical composition, drug delivery, 

emulsification, gel, human cells, lipids. Cluster 3: 

antioxidants, controlled study, nanotechnology. 

Cluster 4: water-in-oil cream, rats, animal studies. 

Cluster 5: nanostructures, rats, self- nanoemulsifying 

drug delivery systems (SNEDDS), toxicity testing. 

Figure 5 shows a three-field plot between the most 

commonly mentioned references, authors, and 

keywords. Associations between these three 

dimensions are drawn in the gray lines, and the size 

of the rectangle shows the number of references, 

citations, or keyword frequency. Figure 6 shows 

how the topics of research in terms of keywords that 

were used at least five times per year within 2015-

2025 were changing over time and analyzed in  
 

 
Figure 5 Three-fields plot between Cited References (CR), Authors (AU), and Keywords (KW Merged) using Rstudio. 
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Figure 6 Trend topic using RStudio. 

 

RStudio. The keyword nanoemulsion started to be 

more common in the period around 2019-2023, 

being an indicator of the appearance as a research 

theme. 

Discussion 

The research time frame was set to offer a wide view 

of trends and the new frontiers of research 

concerning nanoemulsion-based hair growth serums. 

In this research, the bibliometric analysis was used 

as a systematic literature review method that is 

applicable in the mathematical analysis of different 

scientific papers related to a given topic.
19

 The 

results suggest that nanoemulsions have been an 

extremely active research field, especially with a 

great emphasis on preclinical applications. The 

literature is dominated by leading contributors like 

Ahmed-Farid and Abdelnour, and keywords such as 

drug delivery, animal models, and nanoemulsion 

have become the focus of scientific discussion 

(Figure 6). 

In comparison to the traditional emulsions, 

nanoemulsions have better stability.
19

 Nanoemulsion 

increases the solubility of drugs with poor solubility 

in water, increases dispersion in watery conditions, 

stabilizes the oil-water ratio on the skin, and can be 

prepared without alcoholic solvents.
20

 The majority 

of traditional topical products, in contrast, have 

active ingredients mixed with water and alcohol, 

which tend to poorly penetrate through the skin 

barrier. Therefore, only a small percentage of the 

drug attaches to target sites like hair follicle pores.
21

 

These restrictions help to lower clinical efficacy and 

poor patient adherence.
22

 However, 

nanoformulations can penetrate and stay longer in 

hair follicles.
7
 This system also decreases the dosage 

of the drug required, and  in  certain  situations,  side  

effects  can  be  minimized  or  even  prevented. 

Limitation 

In this research, not all articles might have been 

discovered, especially those that are not in English 

or are not listed in the selected database. This could 

offer the analysis some bias, but these attempts were 

made to cover all the data. Moreover, changing the 

spelling of the author and institution name may 

influence the precision of the data recognition. This 

research offers a representative report of the current 

trends on nanoemulsion-based hair growth serums, 

as well as provides pertinent details on how 

knowledge in this area can be advanced. 

Conclusions 

In conclusion, this bibliometric review shows that 
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the number of articles on the topic of nanoemulsion-

based hair growth serums has increased significantly 

in the last decade. The main contributors are China 

and the United States, with the United States having 

a greater citation impact and a wider collaboration 

network. The National Research Centre of Egypt, as 

well as the pioneer authors in this field, like Mona 

Anwar El-Banna and Mehrez E. El-Naggar, 

contributed significantly to this field. Although these 

developments have been made, more needs to be 

achieved to transform the current research into 

clinically valid and commercially viable products. 

Future studies should focus on improving delivery 

systems, conducting comprehensive long-term safety 

evaluations, and implementing large-scale clinical 

trials. Enhanced international collaboration and 

multidisciplinary approaches will be essential to 

accelerating innovation and improving accessibility 

to effective hair growth treatments. 
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