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Abstract: 

Objectives: The main objective of this study is to comprehensively analyze the research landscape of Glass 

Ionomer Cement (GIC) from 1989 to 2023, focusing on journals indexed by Web of Science. The motivation 

behind this investigation is the lack of a quantitative assessment of the growing body of scholarly works on 

GIC. The study aims to consolidate and examine the trends, patterns, and collaborative aspects within this 

research domain using bibliometric techniques. 

Materials and Methods: To achieve this objective, we conducted a thorough analysis of published research 

articles related to GIC from the years 1989 to 2023. We specifically targeted journals indexed by Web of 

Science for inclusion in our study. Bibliometric techniques were employed as a quantitative approach to 

assess publishing trends, collaborative networks, and thematic keywords. Through systematic data collection 

and analysis, we identified the total number of documents, citations, and high-impact articles. Collaboration 

patterns among researchers were analyzed, highlighting interdisciplinary and cooperative approaches. 

Results: Our findings reveal a sustained and growing interest in GIC within the research community, with 

citations steadily increasing since 1997. A comprehensive review of 1386 documents from 317 journals 

yielded a total of 28075 citations. Notably, highly cited articles predominantly appeared in Q1 category 

journals. Geographically, research contributions were led by established nations such as the USA, England, 

Brazil, Japan, and China, while emerging countries also made significant contributions. Collaboration 

emerged as a noteworthy feature, with researchers employing interdisciplinary approaches. Thematic 

keyword analysis emphasized recurring topics, including 'glass ionomer cement,' 'glass ionomer,' 

'compressive strength,' 'mechanical strength,' and 'fluoride release,' outlining the trajectory of research in this 

field. 

Conclusions: This study provides a comprehensive assessment of the research landscape surrounding Glass 

Ionomer Cement (GIC) from 1989 to 2023. The analysis underscores the enduring appeal of GIC within the 

research community, with a steady increase in citations over time. The study identified key collaboration 

patterns and recurrent thematic keywords that define the trajectory of research in this field. The insights 

gained from this bibliometric analysis hold implications for research prioritization, offering guidance for 

scholars, fund allocation entities, and policymakers alike. Overall, the study contributes to a better 

understanding of the evolving trends and collaborative dynamics in GIC research. 
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1. Introduction 

Dental restorative materials are fundamental in 

dental practice for addressing tooth decay and 

structural issues.(1) Traditional materials such as 

amalgam and gold have been used for their 

durability and functionality.(2) In contrast, more 

recent materials like dental porcelain offer 

improved aesthetics and mimic natural teeth.(1) 

Glass Ionomer Cement (GIC) has emerged as a 

distinctive option due to its unique properties, 

including chemical adhesion to tooth structure and 

fluoride release.(3–6) Glass Ionomer Cement 

(GIC) holds significant importance in dentistry 

due to its biocompatibility, chemical adhesion, 

and versatile applications.(5) Its ability to form a 

chemical bond with tooth structure minimizes 

invasive tooth preparation, while fluoride release 

combats secondary caries.(6–8) GIC's use spans 

like restorative dentistry, luting restorations, and 

pediatric applications due to its simplified 

placement process and reduced post-operative 

sensitivity.(9) Advances like resin-modified GICs 

enhance esthetics, expanding its use to anterior 

teeth.(10) While GIC has lower mechanical 

strength and esthetic limitations, its cost-

effectiveness and minimal tooth structure removal 

make it a valuable option.(11–18) In the pursuit of 

minimally invasive dentistry, GIC's unique 

properties continue to highlight its essential role in 

preserving tooth integrity and promoting oral 

health.(19) Glass Ionomer Cement (GIC), consists 

of two primary components fluoroaluminosilicate 

glass powder and a liquid containing polyacrylic 

acid.(20–23) When these components are mixed, 

they initiate an acid-base reaction, culminating in 

the creation of a hardened material that closely 

resembles the natural enamel of teeth. This setting 

process involves the interaction of carboxyl 

groups in the polyacrylic acid with ions present in 

the glass particles, resulting in the formation of a 

gel-like substance that solidifies over time, with 

the release of water as a byproduct.(24–29) Glass 

Ionomer Cement (GIC) boasts several key 

properties essential for dental applications. Its 

chemical adhesion to tooth structure minimizes 

preparation, while its biocompatibility reduces 

adverse reactions. GIC's gradual fluoride release 

aids remineralization, and advancements enhance 

esthetics. Moreover, its thermal expansion 

matches teeth, preventing gap formation. In 

various procedures prioritizing adhesion, fluoride, 

and biocompatibility, GIC's unique attributes 

ensure its lasting importance in dentistry.(30–36) 

Glass Ionomer Cement (GIC) finds diverse 

applications in dentistry. In restorative dentistry, it 

is employed to fill cavities of various types (Class 

I to V) and for core build-ups.(37–40) As a luting 

agent, GIC securely affixes crowns, bridges, 

inlays, and on lays to teeth surfaces while 

releasing fluoride for caries prevention. 

Additionally, GIC serves as a liner for pulp 

capping, providing protection and aiding healing 

for exposed pulp.(41–44) Glass Ionomer Cement 

(GIC) has limitations that impact its use in 

dentistry. Firstly, it has lower mechanical strength 

compared to materials like composite resin, 

making it less suitable for areas subjected to heavy 

chewing forces.(45,46) GIC is sensitive to 

moisture during placement, affecting its bond 

strength and requiring careful isolation.(47) It's 

best suited for low to moderate stress areas due to 

its inability to withstand high occlusal forces.(46) 

While GIC's esthetics have improved, it might not 

match natural tooth appearance as well as other 

materials, restricting its use in highly visible areas. 

These limitations highlight the importance of 

selecting GIC for appropriate cases, where its 

advantages in adhesion, fluoride release, and 

biocompatibility can be effectively utilized.(48) In 

recent years, the field of glass ionomer cement 

(GIC) in dentistry has witnessed remarkable 

progress through innovative modifications and 

developments. One significant advancement is the 

introduction of Resin-Modified Glass Ionomer 

Cement (RMGIC). This variation incorporates 

resin components into the GIC formulation, 

resulting in improved adhesion and moisture 

resistance. RMGIC amalgamates the strengths of 

conventional GIC and resin-based composites, 

boasting enhanced mechanical properties and a 

stronger bond to tooth structures. Particularly 

valuable for Class II restorations in posterior teeth, 

RMGIC provides heightened bond strength and 

better esthetics.(44,49–57) Nano-ionomer tech 

incorporates nano-sized particles into GICs, 

boosting durability, wear resistance, and 

translucency, overcoming old mechanical limits. 

Enhanced esthetic formulas counter opacity and 

unnatural look issues in traditional GICs, making 

them suitable for natural-looking anterior teeth 

treatments.(54,58) These modifications 

collectively underscore the commitment of 

researchers and manufacturers to overcoming the 

limitations of conventional GIC while preserving 

its inherent advantages. Through these 

advancements, the applications of glass ionomer 

cements have expanded significantly, solidifying 

their role in contemporary dental practice and 

offering more versatile and effective treatment 

options. In the realm of future developments for 

glass ionomer cement (GIC), several key avenues 

stand out. These include enhancing mechanical 



Bibliometric Analysis Of Research On Glass Ionomer Cement In Dentistry Using Web Of Science  

Database   Section A-Review Paper 
 

Eur. Chem. Bull. 2023, 12(Special Issue 05), 7036–7053                         7038 

properties through material adjustments, thereby 

bolstering GIC's strength and durability for 

broader applications. Additionally, improving 

GIC's aesthetic qualities would make it more 

visually appealing for patients, while novel 

delivery systems could simplify application and 

reduce moisture-related challenges during setting. 

Furthermore, exploring combinations of GIC with 

other restorative materials, such as composites or 

ceramics, could yield hybrid materials with a 

blend of advantages. These innovations 

collectively aim to advance GIC's capabilities, 

expanding its utility and effectiveness in modern 

dentistry. Nonetheless, it remains crucial to 

meticulously examine studies pertaining to this 

subject. Such scrutiny is imperative in order to 

gauge their influence on the realm of applied 

dentistry. Among the approaches available for 

assessing the impact in applied science, 

bibliometric analysis stands out. Surprisingly, the 

existing literature appears to lack any 

comprehensive bibliometric investigation into the 

quantitative assessment of research on Glass 

Ionomer Cement (GIC). As a response to this gap, 

our study undertakes a multifaceted evaluation of 

publication and citation trends within the domain 

of GIC, spanning the years 1989 to 2023. In 

addition to this, our research endeavors to address 

the following research questions: 

Research questions 

1. What countries and institutions are at the 

forefront of research on GIC? 

2. Which journals have the most significant 

impact on GIC? 

3. What are the most popular and highly cited 

publications concerning the GIC? 

4. Can you provide insights into the authorship 

and collaborative research patterns within the field 

of GIC? 

5. What are the emerging research themes and 

keywords in the context GIC? 

 

2. METHODOLOGY: 

The objective of the bibliometric analysis is to 

delve into the evolving publication patterns within 

the academic realm pertaining to Glass Ionomer 

Cement (GIC). This study encompasses an 

examination of multifaceted aspects such as total 

citations (TC), overall publications (TP), 

publication years (PY), and prevailing authorship 

tendencies. The meticulous data acquisition 

process additionally facilitated the identification 

of eminent contributors, prominent journals, 

influential nations, and noteworthy institutions. 

 

 

2.1 Database and Bibliographic Information: 

The present analysis relies on information sourced 

from the Web of Science (WoS) core collection 

database, renowned for its credibility and 

worldwide recognition in the realm of indexing 

and abstracting. Employing bibliometric analysis, 

a statistical approach to scrutinize scholarly 

endeavors, we delve into the publishing trends and 

research landscape within this domain. This 

specific study adopts a four-phased, all-

encompassing search and selection strategy, as 

depicted in Figure 1, to encompass pertinent 

publications for our comprehensive analysis. 

 

2.2 Search Query: 

On July 25th, an extensive search was carried out 

in the WoS database at Smt. Kishoritai Bhoyar 

College of Pharmacy in Kamptee, Nagpur. The 

search aimed to retrieve bibliographic data on 

Glass Ionomer Cement (GIC) using a 

meticulously crafted query that incorporated 

essential keywords such as [“Glass ionomer 

cement (Title) OR GIC (Title)”]. This query was 

executed within the WoS core collection to ensure 

a thorough exploration of relevant literature. 

To enhance the search precision, Boolean 

operators were strategically employed to combine 

these keywords, resulting in a cohesive search 

strategy designed to yield the most pertinent and 

comprehensive outcomes. 

 

2.3 Inclusion/Exclusion Criteria: 

For the sake of precision, a comprehensive set of 

inclusion and exclusion criteria was employed, as 

depicted in Figure 1. There were no restrictions 

based on language, geography, or date. Initially, 

the search yielded a total of 7199 documents. 

Subsequently, utilizing Boolean operators, the 

keywords were specifically searched within 

document titles, resulting in the removal of 5296 

documents and the presentation of 1903 remaining 

results. 

To narrow down the scope, the search was 

confined to articles, review articles, paper 

proceedings, and early access materials. To 

achieve this, a "document types" filter was 

implemented, resulting in a refined collection of 

1386 documents. This refinement process aided in 

the elimination of 517 documents that did not 

meet the criteria. 

These 1386 documents were subsequently 

subjected to a thorough assessment for relevance 

and eligibility, resulting in a cumulative citation 

count of 12063, with 10980 citations excluding 

self-citations. Furthermore, the h-index for this set 

of documents was determined to be 71. 
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2.4 Data Analysis and Visualization 

Analyzed and visualized were 1386 carefully 

selected documents along with their associated 

data. Employing a range of tools and software, 

including MS-Excel, VOS Viewer (Version 

1.6.19), and Biblioshiny (R-studio), we delved 

into the dataset. Comprehensive bibliometric 

indicators were scrutinized, encompassing citation 

documents, sources, authors, organizations, and 

countries. 

Furthermore, we explored publication and citation 

trends, authorship dynamics, as well as 

bibliographic couplings (journals, countries, and 

authors). Co-occurrences of keywords were 

examined, and an intricate co-citation network of 

authors was mapped out. Through these methods, 

we achieved a profound understanding of thematic 

evolution. Our analyses were facilitated by the 

aforementioned tools and software, enhancing our 

ability to present insightful visualizations. 

 
Fig 1: four-Phase flow diagram of data extraction and filtration process of GIC publications. 

 

3. Results 

3.1 Analysis of Overall Growth Trend: 

Figure 2 illustrates the yearly research output 

concerning glass ionomer cement, measured by 

the total count of publications and citations. It is 

evident that the inaugural publication, along with 

a cumulative total of 29 publications on this 

subject, emerged in 1989, garnering a mere 5 

citations collectively. Subsequently, there has 

been a substantial escalation in research 

productivity. Significantly notable numbers of 

publications have emanated from the very 

inception year (1989), whereas a substantial 

upsurge in citations became apparent post-1999. 

The pinnacle of both publication and citation 

activity was observed in 2020 (TP= 85) and 2021 

(TC= 2184), respectively. 
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FIG 2: Publishing and citation trends in GIC research 

 

3.2 Most Productive Countries and 

Organizations on Glass Ionomer Cement: 

The analysis aimed to identify the foremost 10 

countries and organizations spearheading global 

publications, showcasing their remarkable 

contributions. Among these, five countries boast 

triple-digit publication figures, while the 

remaining five in the top 10 have each generated 

over 50 publications. 

Leading the pack is the United States of America, 

securing the pinnacle with a staggering 165 

publications. On the other end of the spectrum, 

Sweden occupies the bottom spot with 44 

publications. England takes the lead in citations, 

amassing an impressive 4254, whereas Turkey 

trails with a more modest 905 citations. When 

assessing citation impact, Sweden exhibits the 

highest value at 34.93, in stark contrast to 

Turkey's lowest value of 12.93. 

Shifting focus to citation impact, Sweden stands 

out with an impressive score of 34.93, while 

Turkey trails behind with a more modest score of 

12.93. Furthermore, when gauging the collective 

strength of links, England takes the lead with a 

substantial score of 2217, whereas Sweden trails 

with the lowest score of 320. 

In this panorama, India claims the 14th spot, 

contributing a total of 32 publications, 

accompanied by 410 citations, yielding a citation 

impact of 12.81, and earning a link strength score 

of 290. 

RANK SCOUNTRY TP TC CI TOTAL LINK STRENGTH 

1 USA 165 3975 24.09 1401 

2 ENGLAND 159 4254 26.75 2217 
3 BRAZIL 157 2428 15.46 1689 

4 JAPAN 115 2193 19.07 1074 

5 PEOPLES R CHINA 102 1714 16.80 1159 
6 TURKEY 70 905 12.93 757 

7 CANADA 59 1386 23.49 474 

8 GERMANY 56 1719 30.70 888 
9 AUSTRALIA 55 1229 22.35 724 

10 SWEDEN 44 1537 34.93 320 

14 INDIA 32 410 12.81 290 

Table 1. most influential countries in terms of total publication (TP), total citation (TC) and citation impact 

(CI) 

RANK ORGANIZATIONS COUNTRY TP TC CI TOTAL LINK STRENGTH 

1 
THE SÃOOFUNIVERSITY

PAULO 
BRAZIL 72 1198 16.64 351 

2 
THE QUEEN MARY UNIVERSITY 

OF LONDON 
ENGLAND 45 1086 24.13 290 

3 
HONGOFUNIVERSITYTHE

KONG 
HONG KONG 35 916 26.17 260 

4 
OFTHE UNIVERSITY

MELBOURNE 
AUSTRALIA 31 741 23.90 179 

5 
THE NATIONAL UNIVERSITY OF 

SINGAPORE (NUS) 
SINGAPORE 26 565 21.73 157 

6 UMEA UNIVERSITY SWEDAN 17 711 41.82 20 

7 
THE STATE UNIVERSITY OF 

CAMPINAS 
BRAZIL 17 259 15.24 118 

8 THE UNIVERSITY OF ZAGREB CROATIA 16 153 9.56 99 

9 
INDIANA UNIVERSITY–PURDUE 

UNIVERSITY INDIANAPOLIS 
USA 15 326 21.73 105 

10 KING'S COLLEGE LONDON ENGLAND 15 594 39.60 123 

Table 2. Most influential organization in terms of total publication (TP), total citation (TC) and citation 

impact (CI) 
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Among the top 10 organizations, the University of 

Sao Paulo stands out by producing a remarkable 

72 publications, which have garnered an 

impressive 1198 citations, resulting in an 

outstanding citation impact of 16.64. Notably, it 

secures the highest link strength score of 351. 

Following closely is Queen Mary University of 

London, with 45 publications and 1086 citations. 

A noteworthy observation is the position of Umea 

University of Sweden, ranking sixth with 17 

publications and 711 citations. Despite its modest 

publication count, Umea University achieves the 

highest citation impact among the top 10, an 

impressive CI of 41.82, while maintaining the 

lowest link strength score of 20. 

 

3.3 Highly influential Journals 

Table 3 presents a comprehensive overview of the 

top ten journals known for their exceptional 

productivity in the realm of glass ionomer cement 

literature. The majority of these sources have 

25overproducingsignificantly,contributed

publications each. Leading the pack is the journal 

anwithoutstandingMaterials,""Dental

impressive 110 publications, accompanied by a 

substantial citation count of 4050. This journal 

boasts a remarkable citation impact of 36.82 and 

comfortably resides in Quartile 1. Furthermore, it 

holds an esteemed impact factor of 5.304, 

solidifying its prominence. Following closely is 

the "Biomaterials" journal, securing the second 

position with 57 publications and an impressive 

citation count of 2552. Garnering a citation impact 

of 44.77, this journal also finds its place in 

Quartile 1. It's worth noting that "Biomaterials" 

boasts the highest impact factor within this cohort, 

standing at an impressive 14. 

Notably, all the journals included in this analysis 

possess impact factors within Quartile 1–2, 

underlining their significance in the field. 

Interestingly, a significant proportion of these 

esteemed sources originate from the United 

Kingdom and the United States, with half of the 

total list hailing from these two nations. 

Additionally, one source each comes from 

Australia, the Netherlands, and Japan, further 

emphasizing the international reach and influence 

of this niche area of research. 

 
SR 

NO 
SOURCE TP TC CI 

TOTAL LINK 

STRENGTH 
COUNTRY PUBLISHER IF Q 

1 Dental materials 110 4050 36.82 1023 United Kingdom Elsevier 5.304 Q1 

2 Biomaterials 57 2552 44.77 671 United States Elsevier 14 Q1 

3 
ofJournal

dentistry 
57 1180 20.70 579 United Kingdom Elsevier 4.379 Q1 

4 
Operative 

dentistry 
54 899 16.65 296 United States 

Indiana 

University School 

of Dentistry 

2.937 Q1 

5 

ofJournal

materials 

science-

inmaterials

medicine 

50 890 17.80 333 Netherlands 

Springer Science 

and Business 

Media 

3.896 Q2 

6 
Dental materials 

journal 
33 371 11.24 261 Japan 

Japanese Society 

Dentalfor

andMaterials

Devices 

2.64 Q1 

7 
Australian 

dental journal 
32 753 23.53 190 Australia Wiley 2.259 Q2 

8 

American 

journal of 

orthodontics and 

dentofacial 

orthopedics 

29 975 33.62 179 United States Elsevier 1.98 Q1 

9 
Journal of oral 

rehabilitation 
29 545 18.79 169 United Kingdom 

Wiley-Blackwell 

Publishing Ltd 
2.9 Q1 

10 

ofJournal

oralapplied

science 

27 486 18.00 227 Brazil 

deFaculdade

deOdontologia

daBauru

deUniversidade

Sao Paulo 

3.144 Q1 

TABLE 3: Highly influential journals in relation to published articles on GIC 

 

3.4 Authorship Pattern: 

The data underwent sorting, primarily relying on 

the aggregate number of publications authored by 

diverse individuals. This process aimed to 

pinpoint and spotlight the leading 10 authors, 

characterized by their impressive productivity. 
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Additionally, an evaluation of total citations and 

citation impact was carried out, shedding light on 

the extent of their influence within the realm of 

this particular research area. Within Fig 3, a 

definitive ranking of the most prolific authors 

engaged in the study of glass ionomer cement 

(GIC) is illustrated. 

In order to establish the benchmark for the 

designation of "most prolific author," a criterion 

was set where authors were required to have 

authored a minimum of five papers pertaining to 

GIC. This threshold was established as the basis 

for identifying these high-output contributors. 

Among the expansive pool of 4352 authors who 

contributed to GIC research, a subset of 91 

authors successfully met this prescribed threshold. 

Further segmentation of these authors resulted in 

the formation of 34 distinct clusters, collectively 

characterized by a cumulative link strength of 425. 

 

 
FIG 3: Authorship pattern of glass ionomer cement literature 

 

3.5 Authors Keyword Co-Occurrences Analyses 

on Glass Ionomer Cement 

Figure 4 illustrates the outcomes of our keyword 

analysis pertaining to glass ionomer cement. To 

establish a meaningful threshold, we focused on 

keywords with a minimum occurrence count of 

ten. Consequently, out of a grand total of 2121 

authors' keywords, 56 keywords met this 

stipulated criterion. These keywords are grouped 

into eight distinct clusters, collectively exhibiting 

a combined link strength of 943. 

The delineation of these clusters is as follows: 

Cluster 1 comprises 11 items, Cluster 2 

encompasses 9 items, Cluster 3 consists of 8 

items, Cluster 4 includes 8 items, Cluster 5 spans 

8 items, Cluster 6 comprises 4 items, Cluster 7 

contains 4 items, and Cluster 8 encompasses 4 

items. Each cluster is assigned a unique color, and 

their arrangement is based on both link strength 

and occurrence frequency. The size of each bubble 

of thenaturetheconveysvisualizationthein

relationship between link strength and occurrence. 

keywordsfiveanalyzed,keywordstheAmong

stand out with the highest aggregate link strengths. 

These are: 

Glass ionomer cement (link strength: 237) 

Glass ionomer (link strength: 79) 

Mechanical properties (link strength: 76) 

Fluoride release (link strength: 74) 

Compressive strength (link strength: 72) 

This analysis provides valuable insights into the 

keyword relationships and emphasizes the 

significance of these highlighted keywords within 

the context of glass ionomer cement research. 
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Figure 4. Co-occurrence network of author keywords (minimum number of occurrences: Ten) 

 

A co-occurrence network is a relationship of two 

or more keywords occurring together. In this 

figure, there are eight clusters (indicating various 

colors) having relationship with each other. 

Cluster one is the strongest network relationship, 

followed by 2-8 clusters, respectively. The top 

keyword ‘glass ionomer cement’ having the 

strongest relationship and occurred maximum in 

glass ionomer cement literature. 

 

3.6 Highly Citated Articles 

Table 4 illustrates the bibliographic details of the 

top ten most extensively referenced articles 

concerning GIC (Glass Ionomer Cement). The 

range of citations and publication years among 

these foremost 10 articles spanned from 165 to 

308 citations and from 1992 to 2008, respectively. 

Notably, four articles garnered citations exceeding 

the 250 mark. At the pinnacle of the list, the 

article titled "Chemistry of glass ionomer 

cements: a review" by Nicholson, published in 

Biomaterials in 1998, stands out with the highest 

citation count (308). Following closely is an 

article authored by Xie, D; Brantly, Wa; 

Culbertson, Bm; Wang, G, titled "Mechanical 

properties and microstructures of glass ionomer 

cements," featured in Dental Materials in 2000, 

amassing 303 citations. Another significant 

contribution, "Substances released from dental 

resin composites and glass ionomer cements," 

penned by Geurtsen, W et al and released in 1998, 

secured 261 citations. 

These articles collectively underscore the 

enduring influence and significance of research in 

the domain of glass ionomer cements. 

 
SR 

NO 
TITLE AUTHOR SOURCE TC YEAR 

1 Chemistry of glass ionomer cements: a review Nicholson et al. 
Biomaterials, 16(6), 485-

494 
309 1998 

2 
Mechanical properties and microstructures of 

glass ionomer cements 

Xie, D; Brantly, Wa; 

Culbertson, Bm; 

Wang, G et al. 

Dental Materials, 16(2), 

129-138 
303 2000 

3 
Substances released from dental resin composites 

and glass ionomer cements 
Geurtsen, W et al. 

European journal of oral 

sciences, 106(2), 687-695 
261 1998a 

4 
GIC: observations and studies in the hydro-

quebec power system 
Bolduc, I et al. 

Journal of atmospheric 

and solar terrestrial 

physics, 64(16)/ 1793-

1802 

255 2002 

5 
On the so- called ‘’Semi-Ionic” “C-F bond 

character in fluorine-GIC 

Sato, Y; Itoh, K; 

Hagiwara, r; 

Fukunaga, T; Ito, Y 

324342(15),Carbon, -

3249 
181 2004 

6 
Studies on the adhesion of glass ionomer cements 

to dentin 

Lin, A; Mcintyre, 

NS; Davidson, RD 

Journal of Dental 

Research, 71(11), 1836-

1841 

173 1992 
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7 

Effect of incorporation of hydroxyapatite and 

fluorapatite nanobioceramics into conventional 

glass ionomer cement (GIC) 

Moshaverini, 

Alireza; Ansari, 

Sahar; Moshaverini, 

Maryam; roohpour, 

nima; darr, jawwad 

A; Rehman, 

Ihtesham et al. 

Acta Biomaterialia, 4(2), 

432-440 
166 2008 

8 

Residual monomer additive release and 

variability in cytotoxicity of light curing glass 

ionomer cement and compomers 

Geurtsen, W; Spahl, 

W; Leyhausen, G et 

al. 

Journal of Dental 

research, 77(12), 2012-

2019 

156 1998b 

9 
Fluoride release from glass ionomer cement 

invivo and invitro 

etHatibovickofman

al 

Swedish dental journal, 

15(6), 253-258 
148 1991 

10 

Dental glass ionomer cements as permanent 

filling material? Properties, limitation and future 

trends 

Lohbauer, Ulrich et 

al 
Materials, 3(1), 76-96 148 (2010) 

Table 4: Top 10 highly citated articles on GIC 

 

3.7 Bibliographic Coupling of Countries 

Figure 5 illustrates the bibliographic coupling 

among countries in the realm of GIC research. We 

focused on countries with a minimum of 10 

documents or more, resulting in the inclusion of 

37 out of the 85 countries initially considered. 

These 37 countries are organized into 5 distinct 

clusters, collectively exhibiting a total link 

strength of 264,773. These connections, rooted in 

both content proximity and scholarly associations, 

are elucidated through quantitative network 

indicators. Prominently engaged in bibliographic 

coupling are countries such as the United States of 

America (with 165 Documents, 3975 Citations, 

and a Total link strength of 46,790), England 

(with 159 Documents, 4254 Citations, and a Total 

link strength of 58,559), and Brazil (with 157 

Documents, 2428 Citations, and a Total link 

strength of 47,876). Notably, the United States of 

America, possessing the highest research output 

on GIC as detailed in Table 1, aligns within 

cluster 2 alongside England, Japan, Sweden, 

France, Belgium, Canada, Denmark, Ireland, 

Poland, and Switzerland. Meanwhile, India finds 

its place within cluster 1. 

 

 
Fig 5: Bibliographic Coupling of Countries that published minimum 10 documents, 37 countries out of 85 

countries met the threshold (generated using VOS Viewer) 

 

3.8 Bibliographic coupling of Authors 

Figure 6 illustrates the bibliographic coupling of 

authors within the realm of GIC research. This 

analysis aims to unveil the extent to which a 

single reference author is shared between two 

documents. Authors with a publication count of at 

least 10 documents were considered, leading to 

the inclusion of 16 out of 4352 authors that met 
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this criterion. These 16 authors were subsequently 

categorized into 3 distinct clusters, collectively 

demonstrating a total link strength of 11988. 

Specifically, there were 9 authors in Cluster 1, 5 

authors in Cluster 2, and 2 authors in Cluster 3. 

 

 
Fig 6: Bibliographic coupling of authors in GIC research 

 

3.9 Co-citation network of authors 

Figure 7 illustrates the co-citation network 

encompassing authors within the realm of GIC 

research spanning the period from 1989 to 2023. 

Authors who have garnered 100 citations or more 

have been encompassed in the analysis. Out of the 

extensive pool of 12,988 authors, a selective 17 

have met this citation criterion. These 17 

distinguished authors have been segregated into 

two discernible clusters, collectively exhibiting a 

cumulative link strength amounting to 11,455. 

This network reveals the existence of two 

distinctive clusters of authors, designated as 

Cluster 1, comprising 9 authors, and Cluster 2, 

comprising 8 authors. Among these clusters, the 

list of top-tier authors is as follows: Wilson, AD 

(with 863 citations), Nicholson, JW (with 485 

citations), Sidhu, SK (with 305 citations), 

McLean, JW (with 296 citations), and Xie, D 

(with 259 citations). It is notable that these authors 

have been effectively grouped into their respective 

clusters, and the network analysis employs 

quantitative indicators to establish connections 

and relationships among these distinct clusters. 

 

 
Fig7: Co-citation Network of Authors 
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3.10 Three Field Plot (Countries, Keywords, 

and Journals) 

Figure 8 illustrates a three-field plot showcasing 

the intricate interplay between journals/sources 

(on the left), countries (in the middle), and 

keywords (on the right). The objective is to 

enhance comprehension regarding the optimal 

pairing of countries, keywords, and sources for 

publication. The analysis reveals that a group of 

five countries (Brazil, United Kingdom, China, 

Japan, and USA) have contributed significantly to 

the literature on Glass Ionomer Cement (GIC). 

This contribution is underpinned by the utilization 

of five primary keywords: "glass ionomer 

cement," "mechanical properties," "glass 

ionomer," "compressive strength," and "fluoride 

release." Notably, research on GIC with these 

keywords has emanated from the aforementioned 

countries, creating a strong thematic nexus. These 

seminal works have found their home in the pages 

of renowned journals, fostering a robust 

relationship between the research components. 

The journals "Dental Material," "Journal of 

Dentistry," "Biomaterials," "Journal of Material 

Science - Material in Medicine," and "Operative 

Dentistry" have been the preferred platforms for 

disseminating this insightful research. 

 

 
Figure 8: Three-factor plots of the relationship among sources (left), countries (middle), and keywords 

(right) on glass ionomer cement literature. 

 

3.11 Thematic Evolution Map of Authors key 

word: 

Figure 9 illustrates the dynamic progression of 

author keywords across five distinct timeframes: 

1989-1995, 1996-2005, 2006-2015, 2016-2022, 

and 2023. It becomes evident that during the 

period of 1989-1995, notable attention and 

citations were directed towards the themes of GIC, 

adhesion, biocompatibility, and composite resins, 

indicative of their significant influence during that 

era. Moving into the span of 1996-2005, the dental 

research community displayed heightened interest 

in themes such as glass ionomer cement, glass 

ionomer, GIC, compomer, and polyacrylic acid, as 

evidenced by substantial researcher engagement. 

Analysis of documents published from 2006 to 

2015 reveals a strong citation rate for themes like 

resin-modified glass ionomer, glass ionomer 

cement, surface toughness, amalgam, and micro 

tensile bond strength, underscoring their 

prominence during this period. In the interval of 

2016-2022, the focus of researchers prominently 

centered around glass ionomer cement, composite 

resin, and ossiculoplasty, signifying a notable shift 

in research interests. Lastly, in the year 2023, the 

exploration of research domains revolved around 

fluoride release, glass ionomer cement, and 

fluoride. This demonstrates the ongoing evolution 

of themes and subjects within the field. 

The thematic evolution map of author keywords 

spanning the past 34 years distinctly illustrates a 

significant transition towards the modification of 

glass ionomer cement research streams, indicating 

a noteworthy shift in the trajectory of dental 

research pursuits. 
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Fig 9: Thematic evolution of authors keywords from 1989- 2023 with respect to Glass ionomer Cement 

research. 

 

4. Discussion: 

This bibliometric analysis is the first of its kind as 

it aimed to identify and quantitatively evaluate the 

scientific research articles published on the use of 

GIC in dentistry during the last three decades. 

 

4.1 Yearly Trends of Publications 

In conclusion, the analysis of yearly publications 

and citations pertaining to the research article on 

"The flexural strength of repaired glass-ionomer 

cements" provides valuable insights into the 

evolution of this field. The initial publication in 

1989 marked the beginning of a steady rise in 

research output, with a noticeable surge in 

publications observed from the outset. While the 

citation count remained modest in the early years, 

a substantial upturn was evident from 1997 

onward. This pattern underscores the enduring 

significance and growing interest in the study of 

glass-ionomer cements. The sustained upward 

trajectory in both publications and citations 

suggests a promising and enduring future for 

research in this domain. 

 

4.2 Leading countries, Organizations and 

bibliographic coupling of countries: 

The analysis of productivity among countries and 

organizations revealed significant insights. The 

United States of America, England, and Brazil 

emerged as the top three most productive 

countries, while The University of São Paulo 

(Brazil), The Queen Mary University of London 

(England), and The University of Hong Kong 

(Hong Kong) stood out as the most productive 

organizations. Notably, the USA led with the 

highest number of publications, citations, and total 

link strength, showcasing its research prowess. 

The University of São Paulo demonstrated 

remarkable productivity among organizations, 

boasting the highest metrics across publications, 

citations, and total link strength. Furthermore, the 

bibliographic coupling of countries reaffirmed the 

dominance of USA, England, Brazil, Japan, and 

China in the field. These findings underscore the 

significance of collaboration and research efforts 

in driving productivity and impact within the 

global landscape of scholarly pursuits. 

 

4.3 Preferred Journals 

In conclusion, the analysis of publication outlets 

for Glass Ionomer Cement research reveals a 

distinct preference for journals listed within the 

Q1 ranking of Web of Science. Among the top 10 

preferred outlets, four have garnered significant 

attention, with two hailing from Elsevier Sci. Ltd. 

in the United Kingdom and one each from 

Elsevier Sci. Ltd. in the USA and Indiana 

University School of Dentistry, USA. Notably, 

Dental Materials emerges as the frontrunner with 

110 articles and a substantial total citation count 

of 4050, followed closely by Biomaterials and 

Journal of Dentistry with 57 articles (2552) and 

(1180) citations respectively. However, Journal of 

Applied Oral Science finds itself at the lower end 

of the spectrum, having published 27 articles and 

garnered 486 citations. The discernible trend leans 

towards high impact factor journals, with a 

predominant presence in the Q1 (8) and Q2 (2) 

categories, reflecting the emphasis on influential 

publication avenues within this domain. 
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4.4 Co-Citation Network of authors: 

The application of co-citation network analysis in 

bibliographic studies offers valuable insights into 

the underlying specialties within a field by 

examining patterns of author co-citation in the 

relevant literature. This approach not only reveals 

clusters of authors who have been frequently cited 

together, but also sheds light on the 

interconnectedness of published works as 

perceived by domain experts. Notably, authors 

such as Wilson, AD, Nicholson, JW, Sidhu, SK, 

McLean, JW, and Xie, D have emerged as 

significant contributors in research collaborations 

within this field. The predominance of clustered 

research indicates a prevailing trend, yet there is a 

hopeful prospect for increased collaborative 

efforts among this cluster of authors in the near 

future. 

 

4.5 Keyword Co-Occurrence in GIC: 

In conclusion, the analysis of keyword trends 

within the selected publications revealed valuable 

insights. Keyword co-occurrence networks, 

derived from titles, abstracts, and author-

generated lists, provide a means to uncover 

relationships between concepts. The proximity of 

keywords within these networks reflects their 

semantic similarity, with closely related keywords 

appearing together. Notably, the examination of 

frequently utilized keywords like "glass ionomer 

cement," "glass ionomer," "mechanical 

properties," "fluoride release," and "compressive 

strength" underscores their significance in the 

domain. Interestingly, the persistent presence of 

"glass ionomer cement" or "glass ionomer" across 

all eight clusters reinforces their pivotal role. 

However, the absence of "antibacterial" as a 

highlighted keyword highlights a potential 

research gap in the existing literature. This 

analysis underscores the dynamic interplay of 

keywords and offers avenues for further 

exploration in the field. 

 

4.6 Authorship Pattern and Bibliographic 

Coupling of Authors: 

In conclusion, the analysis of the top 10 authors 

based on Fig 3 reveals intriguing insights into 

their publication and citation patterns. Notably, 

Pearson, GJ and Nicholson, JW stand out for their 

remarkable contributions. Pearson, GJ has 

demonstrated an impressive balance between 

quantity and impact, with 28 publications and 702 

citations. On the other hand, Nicholson, JW's 

comparatively modest publication count of 14 

documents has been offset by an extraordinary 

866 citations, underlining the substantial influence 

of their work. The results of the bibliographic 

coupling analysis further underscore the 

significance of certain authors. Pearson, GJ, 

Nicholson, John W., and Yap, Auj emerge as key 

figures, showcasing their strong collaborative 

linkages and substantial scholarly impact. These 

findings shed light on the intricate interplay 

between publication output, citations, and 

collaborative connections within the examined 

academic landscape. 

 

4.7 Three field Plot: 

In conclusion, Figure 8 offers a comprehensive 

visualization of the intricate web connecting 

journals/sources, countries, and keywords within 

the realm of Glass Ionomer Cement (GIC) 

research. By meticulously analyzing this tripartite 

relationship, we gain valuable insights into the 

optimal pairing of countries with specific 

keywords and suitable publication sources. 

Our analysis highlights the pivotal role played by 

five countries Brazil, United Kingdom, China, 

Japan, and USA in shaping the discourse on GIC. 

These countries have adeptly harnessed five key 

keywords "glass ionomer cement," "mechanical 

properties," "glass ionomer," "compressive 

strength," and "fluoride release" to steer their 

research endeavors. Consequently, a symbiotic 

synergy between these countries, keywords, and 

sources has given rise to a substantial body of 

knowledge. 

The discerning choice of journals, such as "Dental 

Material," "Journal of Dentistry," "Biomaterials," 

"Journal of Material Science - Material in 

Medicine," and "Operative Dentistry," has 

facilitated the propagation of this research, 

fostering a dynamic interplay between academia 

and practical application. 

In essence, Figure 8 and its underlying analysis 

not only elucidate the current landscape of GIC 

research but also provide a roadmap for scholars 

and practitioners seeking to contribute 

meaningfully to this field. As the nexus between 

countries, keywords, and sources continues to 

evolve, this visual representation stands as a 

testament to the global collaborative effort driving 

advancements in GIC and its multifaceted 

applications. 

 

4.8 Thematic Evolution Maps of Keywords 

In conclusion, the journey through the thematic 

evolution of author keywords over the past 34 

years offers valuable insights into the changing 

landscape of dental research. The shifts observed 

in the focus of research themes highlight the 
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dynamic nature of scientific exploration and the 

ever-evolving interests within the field. 

The retrospective analysis showcases periods of 

concentrated attention on specific topics, such as 

the prevalence of GIC, adhesion, biocompatibility, 

and composite resins during the late 1980s to mid-

1990s. This demonstrates the influence of these 

themes on shaping the research landscape of that 

time. 

As time progressed, the emergence of glass 

ionomer cement, glass ionomer, and related 

subjects as prominent keywords during the 1996-

2005 period reveals a discernible shift in focus. 

This trend continues, with different themes taking 

center stage in subsequent periods, reflecting the 

changing priorities and advancements in dental 

science. 

Notably, the trajectory witnessed a distinct 

transition towards the modification of glass 

ionomer cement research streams in recent years, 

showcasing the adaptability of researchers to 

embrace new challenges and opportunities. This 

evolution underscores the field's capacity to 

respond to emerging needs and technological 

developments. 

The thematic evolution map acts as a historical 

roadmap, guiding us through the ebb and flow of 

dental research interests. It underscores the 

interdisciplinary nature of scientific exploration, 

with themes spanning from material science to 

clinical applications. Ultimately, this analysis 

serves as a testament to the vitality of the dental 

research community and its commitment to 

advancing oral health through innovative 

investigations and insights. 

 

4.9 ResearchFutureandLimitations

Directions: 

This study's scope is subject to several limitations. 

The review may have certain limitations such as 

inclusion of pivotal studies, absence of universally 

acknowledged mechanism for self-citation 

identification, only web of science search engine 

have been used and no additional categories like 

meetings, case reports, letters, abstracts, 

biographies, and editorials were included. 

Despite these limitations, the current exploration 

of GIC presents promising avenues for future 

investigators to identify research prospects and 

address existing gaps. Researchers within the 

realm of dental material sciences can chart 

strategies pertaining to nascent and minimally 

addressed subjects from previous investigations. 

Moreover, they can pinpoint influential papers, 

authors, and journals to discern research lacunae 

and emergent insights. 

Emergent research trajectories guided by this 

bibliometric analysis encompass: 

1. Focused investigations into the antibacterial 

attributes of GIC, honing in on specific facets 

like antibacterial monomers, nanoparticles, 

peptides, etc. 

2. Comparative examinations of this subject 

across diverse socioeconomic contexts, 

encompassing both developed and developing 

nations. 

3. Incorporating more comprehensive and 

expansive demographic variables for a more 

holistic analysis. 

 

5. Conclusion: 

The primary objective of this research was to 

conduct an exhaustive bibliographic examination 

of the body of work focused on Glass Ionomer 

Cement (GIC). The publication trajectory was 

segmented into five distinct time spans: 1989–

1995, 1996-2005, 2006-2015, 2015-2022, and 

2023. Remarkably, the very first year of inquiry 

exhibited a remarkable surge in publications, 

setting the tone for subsequent years. Notably, the 

trajectory of citations experienced a substantial 

uptick from 1997 onwards. 

Prominent contributors to this field were 

predominantly affiliated with institutions in the 

United States, England, Brazil, Japan, and China, 

making these countries the driving forces behind 

influential GIC research. Particularly noteworthy 

were The University of São Paulo, Brazil, and The 

Queen Mary University of London, which 

emerged as the most prolific institutions in terms 

of output. 

Articles predominantly found their home in Dental 

Material and Biomaterial journals, cementing their 

significance within the scientific community. 

Encouragingly, collaboration among multiple 

authors was a discernible trend, with collective 

efforts yielding high-impact papers that garnered 

substantial citations. Notably recurrent keywords 

such as "glass ionomer cement," "compressive 

strength," "mechanical properties," and "fluoride 

release" underscored the thematic core of the 

research landscape. 

The outcome of this quantitative bibliometric 

investigation stands to offer invaluable insights to 

researchers, funding bodies, and policy shapers. 

By highlighting strengths and identifying gaps in 

the realm of antibacterial GIC research, this study 

aspires to guide future directions, spurring 

innovation and advancement in this domain. 
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