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Objectives: This study aims to conduct a comprehensive bibliometric analysis to map the global research output, thematic 
evolution, key contributors, and collaborative networks in the field of resin composite pre-heating. 
Materials and Methods: A search was performed in the Web of Science (WoS) Core Collection in December 2025, covering 
the period from 2005 to 2025. Fifty documents meeting the inclusion criteria were analyzed using the bibliometrix and 
Biblioshiny packages in RStudio. Analyses included annual production, citation metrics, author and institutional productivity, 
co-authorship networks, and keyword co-occurrence mapping. 
Results: The analyzed dataset of 50 documents (48 articles, 1 review, 1 proceeding) showed an annual growth rate of 3.53%, 
with publication volume peaking in 2022 (n = 6). Brazil was the most frequently represented country in author affiliations 
(56 occurrences), followed by the USA (27) and Türkiye (15). The most productive institution was the Universidade de São 
Paulo (14 documents). Rueggeberg FA and Daronch M emerged as pioneering authors with the highest total citations (TC) 
and annual citation rates (TCpY), while recent authors like Favoreto MW showed high contemporary impact. Co-authorship 
network analysis revealed distinct research clusters, with a major cluster centered in Brazil. Keyword analysis indicated a 
shift in research focus from basic parameters like "polymerization kinetics" and "degree of conversion" towards applied 
areas such as "fracture toughness" and "clinical performance." 
Conclusions: The literature on resin composite pre-heating is in a phase of dynamic growth, with a marked increase 
especially after 2020. The field is characterized by strong geographic concentration led by Brazil and a high rate of 
international collaboration (42%). The thematic evolution signals a clear transition from laboratory-based validation studies 
to research focused on clinical validity and the behavior of modern composite systems. 
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Amaç: Bu çalışma, rezin kompozit ön ısıtma konusundaki küresel araştırma çıktısını, alandaki tematik evrimi, öncü katkıları 
ve işbirlikçi ağları haritalamayı amaçlayan kapsamlı bir bibliyometrik analizdir. 
Gereç ve Yöntemler: Web of Science (WoS) Çekirdek Koleksiyonu’nda 2005-2025 yılları arasını kapsayan bir tarama, Aralık 
2025'te gerçekleştirildi. Dahil edilme kriterlerini karşılayan 50 belge, RStudio’da bibliometrix ve Biblioshiny paketleri 
kullanılarak analiz edildi. Analizler; yıllık üretim, atıf metrikleri, yazar ve kurum verimliliği, ortak yazarlık ağları ve anahtar 
kelime eş-oluşum haritalarını içermekteydi. 
Bulgular: Analiz edilen 50 belgenin (48 makale, 1 derleme, 1 bildiri) yıllık büyüme oranı %3.53 olup, yayın hacmi 2022’de 
zirveye ulaştı (n = 6). Brezilya, yazar afiliasyonlarında 56 kez görülerek en sık temsil edilen ülke oldu ve onu ABD (27 kez) ve 
Türkiye (15 kez) izledi. En üretken kurum Universidade de São Paulo (14 belge) idi. Rueggeberg FA ve Daronch M en yüksek 
toplam atıf (TC) ve yıllık atıf oranına (TCpY) sahip öncü yazarlar olarak öne çıkarken, Favoreto MW gibi yeni yazarlar yüksek 
güncel etki gösterdi. Ortak yazarlık ağı analizi, Brezilya merkezli bir ana küme dahil olmak üzere belirgin araştırma kümelerini 
ortaya koydu. Anahtar kelime analizi, araştırma odağının “polimerizasyon kinetiği” ve “dönüşüm derecesi” gibi temel 
parametrelerden, “kırılma tokluğu” ve “klinik performans” gibi uygulamalı alanlara doğru kaydığını gösterdi. 
Sonuçlar: Rezin kompozit ön ısıtma literatürü, 2020 sonrasında belirgin bir artışla dinamik bir büyüme içindedir. Alan, 
Brezilya’nın liderliğindeki güçlü coğrafi konsantrasyon ve yüksek uluslararası işbirliği oranı (%42) ile karakterizedir. Tematik 
evrim, laboratuvar tabanlı doğrulama çalışmalarından, klinik geçerlilik ve modern kompozit sistemlerinin davranışına 
odaklanan araştırmalara doğru net bir geçiş olduğunu işaret etmektedir. 
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Introduction 

Resin-based composites (RBCs) have become 
indispensable materials for direct restorative dental 
treatments due to their excellent aesthetic results and 

adhesive bonding capabilities.1 However, inherent 
limitations such as polymerization shrinkage stress, 
limited depth of cure, and handling difficulties, 
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particularly with high-viscosity products, continue to pose 
challenges for clinicians.2,3 These factors have been 
associated with complications like marginal microleakage, 
secondary caries, and restoration failure. 

Pre-heating (also known as pre-warming) of resin 
composites prior to placement is a clinical technique 
proposed to overcome these challenges. The rationale is 
that thermal energy reduces the viscosity of the monomer 
mixture, thereby improving marginal adaptation and 
potentially increasing the degree of monomer conversion 
and cross-linking density without compromising 
mechanical properties.4,5 The seminal works of Daronch, 
Rueggeberg, and De Goes in 2005 and 2007 
experimentally demonstrated that pre-heating could 
significantly enhance monomer conversion rates 
compared to room-temperature application.6,7 

Recently, the focus has shifted beyond validating this 
fundamental benefit to investigating the effect of pre-
heating on more complex parameters such as fracture 
toughness, elastic modulus, and ultimately clinical success 
rates, as well as its applicability to new-generation 
materials like bulk-fill composites.8,9 This shift reflects the 
maturation and expansion of the field. 

Bibliometric analysis is a powerful tool for 
quantitatively mapping the growth, structure, and 
dynamics of a specific scientific field, and its application in 
dentistry has been increasingly demonstrated.10,11 
Through citation networks, authorship patterns, and 
keyword trends, it reveals the underlying intellectual and 
collaborative structure of the field, identifies influential 
researchers and collaborative networks, and provides 
foresight into future research directions. While there are 
studies that systematically synthesize the current 
literature on pre-heating in restorative dentistry, no study 
has examined the scientific evolution of this specific 
research niche using bibliometric methods. 

Therefore, the aim of this study is to examine the 
research published on resin composite pre-heating 
between 2005 and 2025 through a comprehensive 
bibliometric analysis. The specific objectives are to: (1) 
analyze annual scientific production trends and growth 
dynamics, (2) identify the most productive and influential 
countries, institutions, and authors, (3) visualize co-
authorship networks and main research clusters, (4) track 
the evolution of the conceptual structure of the field 
through keyword co-occurrence and thematic mapping, 
and (5) identify the most influential documents within this 
corpus via the Normalized Local Citation Score (NLCS). 

Materials and Methods 

The methodology of this research is based entirely on 
the bibliometric analysis of published literature. Given 
that no human participants or animals were involved in 
the study, the need for ethical approval and informed 
consent was waived. 

Data Source and Search Strategy 
This study utilized the Web of Science (WoS) Core 

Collection database from Clarivate Analytics, preferred for 
its indexing of high-impact peer-reviewed journals. A 

comprehensive search strategy was executed in 
December 2025. No initial publication year restrictions 
were applied to ensure retrieval of the earliest relevant 
literature. The search query was designed to include the 
following terms in the topic field: 

TS = (("pre-heat*" OR preheating OR "pre-warm*" OR 
prewarming OR preheated) AND ("composite resin*" OR 
"dental composite" OR "resin composite")). 

The document type was restricted to "Article" and 
"Review." Consequently, the final dataset spanned from 
2005 to 2025, as the first eligible document identified was 
published in 2005. The initial search yielded 173 records. 

Data Screening and Refinement 
The titles and abstracts of the retrieved records were 

independently screened by the authors for relevance. 
Technical notes, editorials, conference abstracts, and 
studies on unrelated topics (e.g., industrial composites) 
were excluded. After removing duplicates, a final dataset 
of 50 documents was created for bibliometric analysis. 
Complete metadata (authors, title, journal, affiliations, 
abstract, keywords, citation data) of the selected 
documents were exported from WoS in plain text format. 

Bibliometric Analysis and Visualization 
The cleaned dataset was analyzed using the 

bibliometrix package (version 3.2.1) and its user-friendly 
web interface Biblioshiny in the R software environment. 
The following analyses were performed: 

Descriptive Analysis: Annual scientific production, 
document types, average citation count, most active 
journals. 

Productivity and Impact Analysis: Identification of the 
most productive countries, institutions, and authors. 
Author impact was assessed using Total Citations (TC) and 
the Average Annual Citation Rate (TCpY). In country 
analysis, since a document may contain affiliations from 
more than one country, the total frequency of appearance 
for each country's affiliation was calculated. Therefore, 
the sum of country frequencies exceeds the total 
document count (50). 

Collaboration Network Analysis: Co-authorship 
networks were constructed and analyzed using the 
network analysis algorithms integrated within the 
Biblioshiny interface of the bibliometrix package. 
Centrality metrics such as Betweenness Centrality and 
Closeness Centrality were calculated to understand the 
structural dynamics and research clusters within the 
network. These metrics identify authors who act as 
bridges between different research groups and central 
actors with the fastest access to information within the 
network, respectively. 

Conceptual Structure Analysis: Keyword co-
occurrence networks were created using author keywords 
and "Keywords Plus." Thematic evolution within the field 
was examined by generating thematic maps over time 
periods. 

Document Impact Analysis: The Normalized Local 
Citation Score (NLCS) was used to measure the relative 
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influence of a document within the specific analyzed 
dataset. 

Results 

Publication Trends and General Characteristics 
The final dataset consisted of 50 documents published 

between 2005 and 2025. Of these, 48 were research 
articles, 1 was a review, and 1 was a conference paper. 
The documents were published in 30 different scientific 
journals. The field's annual growth rate was 3.53%, the 
average citations per document was 28.98, and the 
average document age was 8.04 years. Figure 1 presents 
the annual scientific production trend. The distribution 
shows an initial foundational period (2005-2010) with 
pioneering studies, a period of steady production (2011-
2019), and a marked increase post-2020. The number of 
publications peaked in 2022 with 6 documents. 

Geographical and Institutional Contribution 
The geographical distribution of research is highly 

concentrated. Table 1 shows the 10 most frequently 
represented countries based on author affiliations. Since 
a document may contain affiliations from multiple 
countries, the "Frequency" column in the table indicates 
the total number of times a country's affiliation appears 
across all documents. Brazil, appearing in affiliations 56 
times, is by far the most frequently represented country, 
followed by the USA (27 times) and Türkiye (15 times). 
This indicates a pronounced geographic focus in the field's 
scientific output. 

Institutional analysis aligns with the country data. 
Universidade de São Paulo (Brazil) leads as the most 
productive institution with 14 documents, followed by the 
Medical College of Georgia (USA) and the University of 
Manchester (UK), each with 9 documents. 

 

 

Figure 1.  Annual scientific output on resin composite pre-heating (2005–2025). 

 
Table 1. Top 10 most productive countries in the field of composite pre-heating 

Rank Country Frequency (Articles) 

1 Brazil 56 
2 USA 27 
3 Türkiye 15 
4 India 14 
5 United Kingdom 14 
6 Hungary 7 
7 Spain 7 
8 Belgium 5 
9 Italy 5 

10 Switzerland 5 

 
Authorship Productivity, Impact, and Collaboration 

Networks 
A total of 265 different authors contributed to the 50 

documents. The average number of co-authors per 
document was 5.98. The international collaboration rate 
was calculated as 42%. Table 2 presents the top 5 most 
influential authors based on productivity and citation 
impact metrics. 

Rueggeberg FA and Daronch M, with their pioneering 
studies from 2005-2007,6,7 possess the highest TC and 
TCpY values, demonstrating their foundational and 
enduring impact on the field. In contrast, authors like 
Watts DC and Yang J, who have multiple recent 
publications, have lower citation counts, reflecting the 
time required for academic impact to accumulate. 
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The co-authorship network analysis (Figure 2) revealed 
distinct research clusters. The largest cluster (red) 
represents a Brazil-centered research network shaped 
around authors like Reis A and Loguercio AD. Rueggeberg 
FA and Daronch M form the core of another central cluster 
(green). Network centrality analysis showed that authors 

like 'reis a' and 'naupari-villasante r' with high 
Betweenness Centrality values (2.5 and 1.25, respectively) 
function as bridges connecting different research groups. 
Authors like 'tarle z' and 'attin', with a Closeness Centrality 
value of 1.0, are extremely central and well-integrated 
within their respective clusters. 

 
Table 2. Top 5 Most Influential Authors in Resin Composite Pre-Heating Research (2005-2025). 

Authors Articles(Np) Fractional Articles (Np_frac) Total Citations (TC) Annual Citation Avg. (TCpY) 

Rueggeberg FA 5 1.37 451 22.55 
Daronch M 4 1.03 465 22.14 
Reis A 3 0.36 111 6.53 
Watts DC 3 1.00 12 0.60 
Yang J 3 1.00 12 0.60 

*Fractional article count (Np_frac) accounts for multi-authored papers where each author’s contribution is fractionally assigned. 

 

 

Figure 2.  Author collaboration network showing main research clusters. 

 
Table 3. Top 10 most frequent keywords used in pre-heating research 

Rank Keyword Frequency 

1 temperature 22 
2 conversion 16 
3 kinetics 15 
4 pre-heated composite 11 
5 monomer conversion 10 
6 shrinkage 10 
7 restorations 9 
8 polymerization 8 
9 light 7 

10 mechanical-properties 7 

 
Thematic Evolution and Keyword Analysis 
Table 3 lists the top 10 most frequent keywords 

(including both author keywords and Keywords Plus) used 
in the analyzed documents. The most frequently used 
author keywords were "pre-heating" (15), "resin 
composite" (12), "composite resin" (9), and "degree of 
conversion" (8). Thematic map analysis over time reveals 
a clear evolution. Early-period research (2005-2015) 
focused on fundamental materials science parameters 
such as "polymerization kinetics," "degree of conversion," 
"viscosity," and "microhardness." The more recent period 

(2016-2025) is characterized by an increased frequency of 
terms like "fracture toughness," "bulk-fill composite," 
"clinical trial," and "restoration." This shift is a strong 
indicator that the research focus has evolved from basic 
material characterization towards applied areas 
concerned with clinical outcomes and mechanical 
durability. 

Most Influential Documents 
The most influential documents within the dataset 

were identified using the Normalized Local Citation Score 
(NLCS). The top three documents with the highest NLCS are: 
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1. Lucey S et al. (2010) - J Oral Rehabil (NLCS: 2.70): 
Investigated the effect of pre-heating on viscosity and 
microhardness.5 
2. Lohbauer U et al. (2009) - Dent Mater (NLCS: 2.37): 
Focused on viscosity and degree of cure.4 
3. Deb S et al. (2011) - Dent Mater (NLCS: 2.33): Analyzed 
thermal and micromechanical properties.12 

All these high-NLCS papers were published between 
2009-2011, forming the core literature of the field's 
foundational, methodology-focused establishment phase. 

Discussion 

This bibliometric analysis provides a quantitative and 
qualitative panorama of the two-decade development of 
resin composite pre-heating research, revealing the field's 
growth, concentration, and maturation dynamics. 

Concentrated Leadership and Collaborative Ecosystem 

The most striking finding in the field is the absolute 
dominance of Brazil in scientific output. This can be 
explained by the presence of world-renowned dental 
research centers, particularly the Universidade de São 
Paulo, and the activities of highly productive authors like 
Reis A and Loguercio AD.13 The high Betweenness Centrality 
values of these authors in the network analysis confirm not 
only local productivity but also their roles as "bridge 
authors" facilitating international collaborations. This 
concentrated expertise and strong network structure may 
have accelerated the transition of research in Brazil from 
foundational science (Daronch & Rueggeberg) to high-
impact clinical studies (Favoreto MW), a phenomenon also 
observed in other specialized dental research domains 
where critical mass and collaboration drive innovation.14 

Thematic Evolution: From Validation to Application 

The most meaningful pattern revealed by the data is the 
clear thematic shift in the research agenda. The field's 
pioneers, Rueggeberg FA and Daronch M, provided the 
essential in-vitro evidence demonstrating that pre-heating 
increases monomer conversion6,7 and, as evidenced by their 
high TCpY values, set a long-term research agenda. The 
keyword trends and the rise of new productive authors like 
Favoreto MW (clinical trials)8 and Bhopatkar J (fracture 
toughness)9 signal a turning point in this agenda. Current 
research is increasingly focused on clinical questions: Does 
pre-heating improve fracture resistance of restorations? 
Does it enhance the clinical performance and longevity of 
modern restorative systems? This clinical focus aligns with 
the broader shift in dental materials research towards 
evidence-based clinical outcomes, as emphasized in recent 
comprehensive reviews.15 

The Driving Force of Collaboration and Network 
Structure 

International collaboration is a known catalyst for 
research impact and innovation in scientific fields.14 In this 
context, the high number of co-authors per document 
(5.98) and the 42% international collaboration rate 
underscore that progress in this applied field relies on 
interdisciplinary teams combining expertise in materials 

science, polymer chemistry, and clinical restorative 
dentistry. The network structure, with its interconnected 
clusters, facilitates the cross-pollination of ideas between 
geographically diverse groups, potentially leading to more 
robust and generalizable findings. 

Limitations of the Study 
This study has several limitations. First, using only the 

WoS database, while ensuring a focus on high-impact 
journals, may have led to the omission of relevant studies 
indexed in other databases (e.g., Scopus or PubMed). 
Second, stringent filtering criteria resulted in a relatively 
small dataset (n = 50), which, while representative of the 
core literature, may not capture all peripheral discussions. 
Third, bibliometric analysis is inherently meta-analytical; it 
reveals trends and connections but does not assess the 
methodological quality or risk of bias within the individual 
studies analyzed. Finally, variations in keyword usage (e.g., 
"pre-heating" vs. "preheating") may have influenced the 
keyword analysis, despite the comprehensive search query. 

Conclusions 

In light of this bibliometric analysis, the following 
conclusions are drawn: 
1. Scientific interest in resin composite pre-heating is 
growing, with a marked acceleration post-2020. 
2. The research landscape is characterized by strong 
geographic concentration led by Brazil and a high level of 
international collaboration. 
3. The intellectual focus of the field has clearly shifted 
from basic in-vitro studies centered on polymerization to 
applied research focusing on mechanical properties and 
clinical performance, particularly in the context of bulk-fill 
composites. 
4. Collaboration networks are structured around central 
"bridge authors" who facilitate knowledge flow and 
innovation. 

Future research should prioritize well-designed, long-
term randomized controlled clinical trials with standardized 
heating protocols to determine whether the benefits of 
pre-heating observed in the laboratory translate into 
clinically significant improvements in restoration longevity, 
especially in posterior load-bearing areas. 
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